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CHAPTER 1

INTRODUCTION

1. PURPOSE. This document establishes general concepts and criteria for the design of airfield
pavements for the U.S. Army, Navy, Air Force, and Marine Corps.

2. SCOPE. This document prescribes procedures for determining the thickness, material, and density
requirements for airfield pavements in nonfrost and frost areas. It includes criteria for the California
Bearing Ratio (CBR) procedure and elastic layered analysis for flexible pavements and the Westergaard
Analysis and elastic layered analysis for rigid pavements. The elastic layered analysis for rigid
pavements covers only plain concrete, reinforced concrete, and concrete overlay pavements.

3. REFERENCES. Appendix A contains a list of references used in these instructions.

4. UNITS OF MEASUREMENT. The unit of measurement system in this document is the International
System of Units (SI). In some cases inch-pound (IP) measurements may be the governing critical values
because of applicable codes, accepted standards, industry practices, or other considerations. Where
the IP measurements govern, the IP values may be shown in parenthesis following a comparative Sl
value or the IP values may be shown without a corresponding Sl value.

5.  PAVEMENT. A pavement as used in this document is a surfaced area designed to carry aircraft
traffic and includes the entire pavement system structure above the subgrade. All slabs on grade
required to support aircraft loadings, whether interior (hangar floors) or exterior, are to be considered
airfield pavements.

a. Flexible Pavement. Flexible pavements are so designated due to their flexibility under load and
their ability to withstand small degrees of deformation. The design of a flexible pavement structure is
based on the requirement to limit the deflections under load and to reduce the stresses transmitted to the
natural subsoil. The principal components of the pavement include a bituminous concrete surface,
graded crushed aggregate base course, stabilized material, drainage layer, separation layer, and
subbase courses. A bituminous concrete surface course is hot mixed bituminous concrete designed as
a structural member with weather and abrasion resisting properties. It may consist of wearing and
binder or intermediate course. Figure 1-1 illustrates the components and the terminology used in flexible
pavements. Examples of all bituminous concrete pavements (ABC) and flexible pavements utilizing
stabilized layers are shown in Figures 1-2 and 1-3. Not all layers shown in the figures are required in
every pavement.

b. Rigid Pavement. A rigid pavement is considered to be any pavement system that contains
portland cement concrete as one element. Rigid pavements transfer the load to the subgrade by
bending or slab action through tensile forces as opposed to shear forces. The principal components of a
rigid pavement are the concrete slab, base course, drainage layer, and separation layer. However, a
stabilized layer may be required based on site conditions. Figure 1-4 illustrates the components of a
rigid pavement. The drainage and separation layer will normally serve as the base course. The
following pavements are considered to be rigid pavements:

(1) Plain concrete pavement is a nonreinforced jointed rigid pavement.
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(2) Reinforced concrete pavement is a jointed rigid pavement that has been strengthened with
deformed bars or welded wire fabric.

(3) Continuously reinforced concrete pavement is a rigid pavement that is constructed without
joints and uses reinforcing steel to maintain structural integrity across contraction cracks that form in the
pavement.

(4) Fibrous concrete pavement is a rigid pavement that has been strengthened by the
introduction of randomly mixed, short, small-diameter steel fibers. Nonsteel fibers have been used in
portland cement concrete (PCC) to control shrinkage cracking, but their use is not covered in this TI.

(5) Prestressed concrete pavement is a rigid pavement that has been strengthened by the
application of a significant horizontally applied compressive stress during construction.

(6) Rigid overlay pavement is a rigid pavement used to strengthen an existing flexible or rigid
pavement.

(7) Nonrigid overlay pavement is either all-bituminous or bituminous with base course used to
strengthen an existing rigid pavement.

6. USE OF FLEXIBLE PAVEMENTS. The use of flexible pavements on airfields must be limited to
those pavement areas not subjected to detrimental effects of fuel spillage, severe jet blast, or parked
aircraft. Jet blast damages bituminous pavements when the intense heat is allowed to impinge in one
area long enough to burn or soften the bitumen so that the blast erodes the pavement. Hot-mix asphaltic
concretes generally will resist erosion at temperatures up to 150 degrees Celsius (300 degrees
Fahrenheit). Temperatures of this magnitude are produced only when aircraft are standing and are
operated for an extended time or with afterburners operating. Fuel spillage leaches out the asphalt
cement in asphaltic pavements. In an area subject to casual minor spillage, the leaching is not serious,
but where spillage is repeated in the same spot at frequent intervals, the leaching will expose loose
aggregate. Flexible pavements are generally satisfactory for runway interiors, secondary taxiways,
shoulders, paved portions of overruns, or other areas not specifically required to have a rigid pavement
surfacing.

7. USE OF RIGID PAVEMENTS. The following pavements will be rigid pavement: all paved areas on
which aircraft or helicopters are regularly parked, maintained, serviced, or preflight checked, on hangar
floors and access aprons; on runway ends (305 meters (1,000 feet)) of a Class B runway; areas that
may be used from the runway end to 90 meters (300 feet) past the barrier to control hook skip; primary
taxiways for Class B runways; hazardous cargo, power check, compass calibration, warmup, alert,
arm/disarm, holding, and washrack pads; and any other area where it can be documented that flexible
pavement will be damaged by jet blast or by spillage of fuel or hydraulic fluid. Navy aircraft arresting
gear pavement protection shall be designed in accordance with NAVFAC design definitive #1404521
and 1404522 shown in NAVFAC P-272. The 2 meters (6.56 feet) of pavement on both the approach and
departure sides of the arresting gear pendent shall be PCC for Navy and Marine Corps. Rigid
pavements shall also be used at pavement intersections where aircraft/vehicles have a history of
distorting flexible pavements and where sustained operations of aircraft/vehicles with tire pressures in
excess of 2.06 MPa (300 psi) occur. Continuously reinforced concrete pavement will be used in liquid
oxygen (LOX) storage and handling areas to eliminate the use of any organic materials (joint sealers,
asphalt pavement, etc.) In those areas. The type of pavement to be used on all other paved areas will
be selected on the basis of life cycle costs.
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8. SOIL STABILIZATION. Soils used in pavements may be stabilized or modified through the addition
of chemicals or bitumens. A stabilized soil is one which has improved load-carrying and durability
characteristics through the addition of admixtures. The principal benefits of stabilization include a
reduction in pavement thickness, provision of a construction platform, decreased swell potential, and
reduction of the susceptibility to pumping as well as the susceptibility to strength loss due to moisture.
Lime, cement, and fly ash, or any combination of these, and bitumen are the commonly used additives
for soil stabilization. A modified soil is one which has improved construction characteristics through the
use of additives. However, the additives do not improve the strength and durability of the soil sufficiently
to qualify as a stabilized soil with a subsequent reduction in thickness. Criteria for the design of
stabilized soils is contained in TM 5-822-14/AFMAN 32-1019. Additional discussion of soil stabilization
is found in TM 5-818-1/AFM 88-3, Chapter 7.

9. DESIGN ANALYSIS. The outlines in Appendixes B and C will be used to prepare design analyses
for all projects under design. All pertinent items and computational details will be included showing how
design results were obtained.

10. WAIVERS TO CRITERIA. Each DoD Service component is responsible for setting administrative
procedures necessary to process and grant formal waivers. Waivers to the criteria contained in this
manual will be processed in accordance with Appendix D.

11. COMPUTER PROGRAMS. Computer programs have been developed for the design of
pavements. The computer programs may be obtained electronically from the following:

a. Word Wide Web (WWW) address: http://pcase.com.
b. FTP Anonymous Site: pavement.wes.army.mil.

Disks may also be obtained from the U.S. Army Corps of Engineers, Transportation Systems Center,
215 North 17" Street, Omeha, NE 68102-4978.
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CHAPTER 2

ARMY AIRFIELD/HELIPORT REQUIREMENTS

1.  ARMY AIRFIELD/HELIPORT CLASSES. Army airfields are divided into six classes referred to as
Class | (heliports-helipads with aircraft 11,340 kilograms (25,000 pounds) or less), Class Il (heliports-
helipads with aircraft over 11,340 kilograms (25,000 pounds)), Class lll (airfields with Class A runways),
Class IV (airfields with Class B runways), Class V contingency (theater of operations) heliports or
helipads supporting Army assault training missions, and Class VI assault landing zones for contingency
(theater of operations) airfields supporting Army training missions.

2. ARMY AIRFIELD AND HELIPORT LAYOUT. The layout for all Class |, II, lll, and IV Army airfields,
heliports, and helipads will be designed in accordance with the tri-service manual UFC 3-260-01. All
Class V and VI Army contingency (theater of operations) airfield, heliport, and helipad layouts shall be
designed in accordance with FM 5-430-00-2/AFJPAM 32-8013, Vol. Il. Class VI airfields used for Army
contingency training missions shall be designed in accordance with AF ETL 98-5. Any deviations from
these criteria must be submitted through the installation MACOM to the U.S. Army Aeronautical Services
Agency (USAASA) for waiver approval.

3. TRAFFIC AREAS FOR ARMY AIRFIELD PAVEMENTS. Construction of primary taxiways,
runways, and apron taxi lanes with keel sections (alternating variable thickness) as indicated by traffic
will not be authorized for Army aircraft operational surfaces. Uniform pavement section thicknesses will
be used.

a. Class | and Il Heliports. These heliport classes have only one traffic area, Type B.

b. Class Il Airfields. These airfields contain three traffic areas, Types A, B, and C. Type A traffic
areas consist of the primary taxiways and the first 152 meters (500 feet) of runway ends. Type B traffic
areas consist of parking aprons, warm-up pads, arm/disarm pads, compass calibration pads, power
check pads, dangerous/ hazardous cargo pads, and taxiways connecting the primary taxiway to aprons
and pads. Type C traffic areas consist of runway interiors between the 152-meter (500-foot) end
sections, secondary (ladder) taxiways, hangar floors, washracks, and hangar access aprons. Type C
traffic areas are designed using 75 percent of the aircraft gross weight and the same aircraft passes as
Type A traffic areas. A typical layout of Army airfield traffic areas for Class Il airfields is shown in
Figure 2-1.

c. Class IV Airfields. These airfields contain three traffic areas, Types A, B, and C. Type A traffic
areas consist of the primary taxiways and the first 305 meters (1,000 feet) of runway ends. Type B traffic
areas consist of the parking aprons, warm-up pads, arm/disarm pads, power check pads, compass
calibration pads, dangerous/hazardous cargo pads, and taxiways from the primary taxiway to aprons
and pads. Type C traffic areas consist of runway interiors between the 305-meter (1,000-foot) end
sections, secondary (ladder) taxiways (between runway and primary taxiway), hangar floors, hangar
access aprons, and washracks. A typical layout of Army airfield traffic areas for Class IV airfields is
shown in Figure 2-1.

d. Class V Heliports. This heliport has only one traffic area, Type B.

e. Class VI Airfields. This airfield has only one traffic area, Type A.
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f. Exceptions. At facilities other than assault landing zones where a parallel taxiway is not
provided, the runway shall be designed as Type A Traffic Area with double the required traffic.

4.  ARMY AIRCRAFT DESIGN LOADS AND PASS LEVELS. Army airfield pavements will be
designed according to mission requirements of each airfield, heliport, and helipad for a 20-year design
life to include the military and civilian peacetime aircraft traffic plus all anticipated special operations
and/or mobilization requirements defined by the Army installation and its MACOM. The total 20-year
design aircraft traffic is based on specific aircraft types, their mission operational weights, and their
projected pass levels. The airfield mission traffic used for design requires the approval of the MACOM
and USAASA. Aircraft hangar floors or apron pavements shall not be designed for jacking loads as long
as the foot print of the jack is equal to or greater than the contact area of the combined tires on the
aircraft gear being elevated. Army aircraft operational pavements may consist of one or a combination
of the following Army airfield-heliport classes:

a. Class |. Heliports and helipads with aircraft maximum operational weights equal to or less than
11,340 kilograms (25,000 pounds). The design of heliports and helipads will be based on the number of
equivalent passes of the UH-60 aircraft at a 7,395-kilogram (16,300-pound) operational weight. The
projected equivalent passes will be generated for the airfield mission traffic but shall not be less than
50,000 passes for a heliport nor less than 20,000 passes for a helipad.

b. Class Il. Heliports that support aircraft with maximum operational weights over 11,340 kilograms
(25,000 pounds). The design will be based on the number of equivalent passes of the CH-47 aircraft at
a 22,680-kilogram (50,000-pound) operational weight. The projected equivalent passes will be
generated for the airfield mission traffic but shall not be less than:

(1) 50,000 passes for visual flight rules (VFR) heliports.

(2) 20,000 passes for VFR helipads.

(3) 100,000 passes for instrument flight rules (IFR) heliports.
(4) 30,000 passes for IFR helipads.

c. Class lll. Airfields that primarily support fixed wing aircraft requiring a Class A runway as defined
in UFC 3-260-01. The design will be based on the projected number of aircraft operations but not less
than 50,000 passes of a C-23 aircraft at an 11,200-kilogram (24,600-pound) operational weight plus
10,000 passes of a CH-47 aircraft at an operational weight of 22,680-kilograms (50,000-pounds).

d. Class IV. Airfields supporting aircraft requiring a Class B runway as defined in EI 02C013/
AFMAN 32-1013/NAVFAC P-971.

(1) The design for an airfield with its longest runway extending less than or equal to
1,525 meters (5,000 feet) will be based on the number of projected equivalent passes of the C-130
aircraft at a 70,310-kilogram (155,000-pound) or the C-17 aircraft at 263,100-kilograms (580,000-pound)
operational weight. The projected equivalent passes will be generated for the airfield mission traffic but
shall not be less than 75,000 passes for the C-130 or 50,000 passes for the C-17.

(2) The design for an airfield with its longest runway extending over 1,525 meters (5,000 feet)
but less than or equal to 2,745 meters (9,000 feet) will be based on the number of projected equivalent
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passes of the C-17 aircraft at a 263,100-kilogram (580,000-pound) operational weight. The projected
equivalent passes will be generated for the airfield mission traffic but shall not be less than
75,000 passes.

(3) The design for an airfield with its longest runway extending over 2,745 meters (9,000 feet)
will be based on the number of projected equivalent passes of the C-17 aircraft at a 263,100-kilogram
(580,000-pound) operational weight. The projected equivalent passes will be generated for the airfield
mission traffic but shall not be less than 100,000 passes.

e. Class V. Contingency (theater of operations) heliports or helipads supporting Army assault
training missions. The design for the heliport or helipad will be based on the number of projected
equivalent passes of the CH-47 aircraft at a 22,680-kilogram (50,000-pound) operational weight. The
projected equivalent passes will be generated for the airfield mission traffic but shall not be less than
5,000 passes. Army assault heliport or helipad structural sections shall be designed in accordance with
the criteria in this document with a bituminous surface or a military landing mat as described in FM5-430-
00-2/AFJPAM 32-8013, Vol II.

f. Class VI. Assault landing zones for contingency (theater of operations) airfields or airstrips
supporting Army training missions that have semi-prepared or paved surfaces. The design for airfields
supporting Army training missions will be based on the number of equivalent passes of the C-130 aircraft
at a 70,310-kilogram (155,000-pound) operational weight or the C-17 aircraft at a 263,100-kilogram
(580,000-pound) operational weight. The equivalent passes will be not less than 10,000 passes for
paved airfields. Army assault airfield or airstrip structural sections shall be designed in accordance with
this manual. Army assault airfields with semi-prepared (unsurfaced) surfaces shall be designed in
accordance with TM 5-822-12, TM 5-822-14, or Air Force ETL 98-2.

5. ROLLER-COMPACTED CONCRETE PAVEMENT. Roller-compacted concrete pavement (RCCP)
is a rigid pavement and can be used as pavement except for runway and high-speed taxiway pavements
for fixed-wing aircraft. RCCP can be used for all helipad and heliport pavements. RCCP shall be
designed in accordance with ETL 1110-3-475.

6. RESIN MODIFIED PAVEMENT. Resin Modified Pavement (RMP) can be used as an Army
pavement except for fixed-wing runways and high-speed taxiways. RMP can be used for helipads and
heliport pavements and for both rotary-wing and fixed-wing parking aprons.

7. PAVED SHOULDERS.

a. Location. Paved shoulders should be provided for airfield and heliport construction as
designated in UFC 3-260-01.

b. Structural Requirements. As a minimum, paved shoulders shall be designed to support
5,000 coverages of a load of 4,535 kilograms (10,000 pounds) imposed by a single wheel with a tire
pressure of 0.69 MPa (100 psi). When shoulder pavements are to be used by support vehicles (snow
removal equipment, fire trucks, fuel trucks, etc.), the shoulder should be designed accordingly for
whichever governs.

8. SURFACE DRAINAGE. Design of surface drainage shall be in accordance with TM 5-820-1/
AFM 88-5, Chapter 1.
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CHAPTER 3

AIR FORCE AIRFIELD AND AGGREGATE SURFACED
HELICOPTER SLIDE AREAS AND HELIPORT REQUIREMENTS

1. AIR FORCE AIRFIELD TYPES. Airfield mission and operational procedures have resulted in the
development of six types of Air Force airfields: light, medium, heavy, modified heavy, auxiliary, and
assault landing zone. The decision on which airfield type to design for will be made by the appropriate
Major Command (MAJCOM). Designs should generally be based upon medium load criteria with the
following exceptions.

a. Air Training Command bases should be designed as light load. Auxiliary airfields at Air Training
Command bases will be designed for the load and pass level selected by the Major Command.

b. For bases where B-52's are the critical missions, use heavy load criteria.

c. For bases where the B-1 and/or KC-10's are the critical mission, use modified heavy load
criteria.

d. Assault landing zone criteria should be used to design runways for C-130 or C-17 training.

e. MAJCOMs should plan for future missions. For example, if the current mission uses KC-135
tankers but will use KC-10 aircraft in the future, the KC-10 should be the design aircraft.

f. In lieu of the above criteria, MAJCOMs have the option to design for specific aircraft and
projected pass levels.

2. TRAFFIC AREAS FOR AIR FORCE AIRFIELDS. On normal operational airfields, the pavements
can be grouped into four traffic areas designated as Types A, B, C, and D which are defined below and
shown in Figures 3-1, 3-2, or 3-3 for each type airfield. A layout of the assault landing zone is not shown
since all areas are Type A traffic areas. Modified heavy-load airfields will have the same traffic areas as
medium-load airfields. Auxiliary airfields will have the same traffic areas as light-load airfields.

a. Type A Traffic Areas. Type A traffic areas are those pavement facilities that receive the
channelized traffic and full design weight of aircraft. Aircraft with steerable gear, including fighter-type
aircraft, operate within a relatively narrow taxilane producing sufficient coverages or stress repetition
within the narrow lane to require special design treatment. Type A traffic areas for pavements are
dictated by the operational patterns of aircraft. These traffic areas require a greater pavement thickness
than those areas where the traffic is more evenly distributed. Pavement features considered to be
Type A traffic areas on each airfield type are as follows:

(1) Heavy-load airfield.

(a) Portions of long straight sections of primary taxiways will be Type A traffic areas.
Traffic channelization is limited to the center of the taxiway for aircraft with a bicycle-gear configuration.
Therefore, the center 7.6-meter (25-foot) (minimum) of long straight sections will be designed as a
Type A traffic area. The outside lanes will be designed as Type B traffic areas. An alternative design is
to provide uniform thickness for the full width of the taxiway.
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(b) Taxiways connecting runway ends and primary taxiways, short lengths of primary
taxiway turns, and intersections of primary taxiways will be Type A traffic areas. The effects of traffic
channelization on these areas cannot be well defined; therefore, these pavements will be designated as
Type A traffic areas requiring a uniform pavement thickness for the full width of the taxiway.

(c) Through taxilanes or portions of through taxiways on aprons (7.6-meter (25-foot)
minimum) will be designed as Type A traffic areas.

(d) Portions of the first 305 meters (1,000 feet) of runway ends will be Type A traffic areas.
On these pavements, the effects of channelized traffic are generally confined to the center 23-meter
(75-foot) width and the approach area from the connecting taxiway. These portions will be designed as
Type A traffic areas and will require a uniform thickness. The dimensions of the approach area will
correspond to the width of the connecting taxiway plus the taxiway fillets. An alternate design for the first
305 meters (1,000 feet) of runway ends is to provide a uniform thickness for the full width of the
pavement. Design of the pavement for channelized traffic must include the lanes where the traffic of the
design landing-gear type (bicycle or tricycle) is applied. For the present heavy-load pavement (bicycle-
landing gear), the selection of a thickened center section or a uniform thickness for the full width of the
facility will be determined on the basis of life cycle costs and projected future mission. In seasonal frost
areas, it is often desirable to use a constant transverse section to preclude differential frost heave.

(2) Medium-load and modified heavy-load airfield.

(a) Primary taxiways will be designed as Type A traffic areas. The effects of channelized
traffic are well defined on long straight sections. However, the channelization is not as confined as for a
heavy-load pavement, and it is not practical to construct primary taxiways of alternating variable
thicknesses as indicated by traffic requirements. Therefore, the primary taxiways for medium-load and
modified heavy-load airfields will normally be constructed to provide a uniform thickness for the full width
of pavement facility. The entire primary taxiway, including straight sections, turns, and intersections, will
be designated as Type A traffic areas.

(b) Through taxilanes and portions of through taxiways on aprons (11-meter (35-foot)
minimum) will be designed as Type A traffic areas.

(c) Portions of the first 305 meters (1,000 feet) of runway ends will be designed as Type A
traffic areas. On these pavements, the effects of channelized traffic are generally confined to the center
23-meter (75-foot) width and the approach area from the connecting taxiway. These portions will be
designed as Type A traffic areas and will require a uniform thickness. The dimensions of the approach
area will correspond to the width of the connecting taxiway plus the taxiway fillets. An alternate design
for the first 305 meters (1,000 feet) of runway ends would be to provide a uniform thickness for the full
width of the pavement facility. The selection of a thickened center section or a uniform thickness for full
width of the facility will be determined on the basis of life cycle costs unless mission requirements dictate
a uniform thickness (an example is formation takeoffs). In frost areas, it is often desirable to use a
uniform thickness to preclude differential frost heave.

(3) Light-load and auxiliary airfields. Primary taxiways and the first 305 meters (1,000 feet) of
runway ends will be designed as Type A traffic areas. The effects of channelized traffic are reasonably
well defined on long straight sections. However, it is not considered practical to construct primary
taxiways and runway ends of alternating variable thicknesses for light-load and auxiliary airfields as
indicated by traffic requirements. Therefore, the primary taxiways and the first 305 meters (1,000 feet) of
runway ends for light-load and auxiliary airfields will normally be constructed to provide a uniform
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thickness for the full width of pavement facility. The entire primary taxiway, including straight sections,
turns, and intersections, will be designated as Type A traffic areas.

(4) Assault landing zone airfield. The type of aircraft operations conducted on these pavements
will require the entire runway, the 91-meter (300-foot) overruns, and the short access taxiways to be
designed as Type A traffic areas.

b. Type B Traffic Areas. Type B traffic areas are those in which the traffic is more evenly
distributed over the full width of the pavement facility but which receive the full design weight of the
aircraft during traffic operations. Inasmuch as there is a better distribution of the traffic on these
pavements, the repetition of stress within any specific area is less than on Type A traffic areas; therefore,
a reduction in required pavement thickness can be allowed. Pavement facilities considered to be Type B
traffic areas on each airfield type are as follows:

(1) Heavy-load airfield. All aprons (except hangar access aprons), pads, and hardstands, and
traffic lanes adjacent to the center lane on long straight sections of primary taxiways are designed as
Type B traffic areas.

(2) Medium-load and modified heavy-load airfields. All aprons (except hangar access aprons),
pads, and hardstands are Type B traffic areas.

(3) Light-load and auxiliary airfields. All aprons (except hangar access aprons), hardstands,
and power check pads are Type B traffic areas.

(4) Assault landing zone. No Type B traffic area.

c. Type C Traffic Areas. Type C traffic areas are those in which the volume of traffic is low or the
applied weight of the operating aircraft is generally less than the design weight. In the interior portion of
runways, there is enough lift on the wings of the aircraft at the speed at which the aircraft passes over
the pavements to reduce considerably the stresses applied to the pavements. Thus, the pavement
thickness can be reduced in these portions of the runways. Therefore, all runway interiors, except
shortfield, will be designated as Type C traffic areas regardless of type of design loadings. For the
heavy, modified heavy, and medium-load airfields, the edges of the runway seldom receive a fully
loaded aircraft; therefore, for these airfields, the Type C traffic areas are limited to the center 23-meter
(75-foot) width of runway interior. However, in seasonal frost areas, it may be necessary to use a
uniform thickness for the entire width of the runway to preclude frost heave. Pavement facilities at all
airfields considered to be Type C traffic areas are as follows:

(1) Heavy-load airfields.
(a) Secondary (ladder) taxiways.

(b) The center 23-meter (75-foot) width of runway interior between the 305-meter (1,000-
foot) runway ends and at runway edge adjacent to intersections with ladder taxiways.

(c) Main gear path area of hangar access aprons and floors and washrack pavements.
(The pavement outside the main gear path area of hangar access aprons and floors and washracks are
designed as a light-load Type C traffic area.)

(2) Medium-load and modified heavy-load airfields.
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(a) Secondary (ladder) taxiways.

(b) The center 23-meter (75-foot) width of runway interior between 305-meter (1,000-foot)
runway ends and at runway edges adjacent to intersections with ladder taxiways.

(c) Hangar access aprons and floors and washrack pavements. At Air Mobility Command
Installations, hangar access aprons shall be designed as Medium Load Type C Traffic Area for the main
gear plus 3 meters (10 feet) on each side. The remainder of the access apron shall be Light Load
Type C Traffic Area.

(3) Light-load and auxiliary airfields.

(a) Full width of runway interior between the 305-meter (1,000-foot) runway ends and
secondary (ladder) taxiways.

(b) Hangar access aprons and floors.
(c) Washrack pavements.
(4) Assault landing zone. No Type C traffic areas.

d. Type D Traffic Areas. Type D traffic areas are those in which the traffic volume is extremely low
and/or the applied weight of operating aircraft is considerably lower than the design weight. The
pavement facilities considered to be Type D traffic areas are the edges of runways that are designed for
heavy-load, medium-load, and modified heavy-load airfields. Aircraft on heavy-, modified heavy-, or
medium-load runways seldom, if ever, operate outside of the center 23-meter (75-foot) width of the
runway interior, and the only traffic that will occur on the edges of the runway will be occasional heavy,
medium, or modified heavy aircraft loads or frequent light aircraft loads. Therefore, a substantial
reduction in required pavement thickness can be made. Pavement facilities considered to be Type D
traffic areas are as follows:

(1) Heavy-load airfields. The outside edges of the entire length of runway, except for the
approach and exit areas at taxiway intersections, are Type D traffic areas.

(2) Medium-load and modified heavy-load airfields. The outside edges of the entire length of
runway except for the approach and exit areas at taxiway intersections are Type D traffic areas.

(3) Light-load and auxiliary airfields. There are no Type D traffic areas on light-load or auxiliary
pavements.

(4) Assault landing zone. No Type D traffic areas.

3. AIRCRAFT DESIGN LOADS FOR AIR FORCE PAVEMENTS. The design loads for light, medium,
heavy, modified heavy, auxiliary, and assault landing zone airfield pavements have been established by
the Air Force and are shown in Table 3-1. The concept is to design each airfield type for a mixture of
aircraft traffic at the loads shown. These loads represent the design gross weights for each type traffic
area and overruns on the airfield. Aircraft hangar floors or apron pavements shall not be designed for
jacking loads as long as the foot print of the jack is equal to or greater than the contact area of the
combined tires on the aircraft gear being elevated.
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4. DESIGN PASS LEVELS FOR AIR FORCE PAVEMENTS. Aircraft traffic data reports indicating
type and frequency of aircraft traffic at selected Air Force bases have been analyzed to establish criteria
to be used in the design of airfield pavements. These design pass levels are shown in Table 3-1 for the
different traffic areas and aircraft types. Airfield pavements may be designed for alternate pass levels if
dictated by the intended use of the facility and subject to the approval of the appropriate Air Force Major
Command.

5.  RESIN MODIFIED PAVEMENT. Resin Modified Pavement (RMP) can be used as an Air Force
pavement except for runways and high-speed taxiways. RMP can be used for helipads and heliport
pavements and for both rotary-wing and fixed-wing aprons.

6. PAVED SHOULDERS.

a. Location. Paved shoulders should be provided for airfield and heliport construction as
designated in UFC 3-260-01.

b. Structural Requirements. As a minimum, paved shoulders shall be designed to support a load
of 4,535 kilograms (10,000 pounds) imposed by a single wheel with a tire pressure of 0.69 MPa
(100 psi). When shoulder pavements are to be used by support vehicles (snow removal equipment, fire
trucks, fuel trucks, etc.), the shoulders should be signed accordingly for whichever governs.

7. AGGREGATE SURFACED HELICOPTER SLIDE AREAS AND HELIPORTS. Geometric and
structural criteria for the design of aggregate surfaced helicopter slide areas and heliports are listed
below. These criteria are applicable to all Air Force organizations with pavement design and
construction responsibilities.

a. Geometric Criteria. Geometric criteria can be found in UFC 3-260-01.
b. Structural Criteria. Airfield structural design criteria are presented below.

(1) Thickness (Non-Frost Areas). Factors which determine thickness are the California
Bearing Ratio (CBR) of the subgrade, helicopter weight, and passes. The minimum required thickness
is 150 millimeters (6 inches). Use Figure 3-6 for design of aggregate surface thickness for helicopters.
Enter Figure 3-4 with the subgrade CBR (see Chapter 6 for selection of subgrade CBR) to determine the
thickness required for a given load and pass level. The thickness determined from the figure may be
constructed of surface course material for the total depth over the natural subgrade; or in a layered
system consisting of select material, subbase, and surface course over compacted subgrade for the
same total depth. Check the layered section to ensure sufficient material protects the underlying layer,
based upon the CBR of the underlying layer. The top 150 millimeters (6 inches) must meet the
gradation requirements of Table 3-2.

(2) Select Materials and Subbases. Select design CBR values materials and subbases in
accordance with Chapter 7, except as modified in Table 3-3.

(38) Thickness (Frost Areas). In areas where frost effects impact pavement design, there are
additional considerations concerning thicknesses and required layers in the pavement structure. For
frost design, soils are divided into eight groups as shown in Table 3-4. Only the non-frost-susceptible
(NFS) group is suitable for base course. NFS, S1, or S2 soils may be used for subbase course, and any
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Table 3-2
Gradation for Aggregate Surface Courses (Percent Passing)
Sieve Designation No. 1 No. 2 No. 3 No.4
25.0 mm (17) 100 100 100 100
9.5 mm (3/8”) 50-85 60-100
No. 4 35-65 50-85 55-100 70-100
No. 10 25.50 40.70 40-100 55-100
No. 40 15.30 24-45 20-50 30-70
No. 200 8-15 8-15 8-15 8-15

Note: The percent by weight finer than 0.02 millimeter (0.04 inch) shall not exceed 3 percent.

Table 3-3
Maximum Permissible Values for CBR and Gradation Requirements
Maximum % Passing Maximum  Maximum

Maximum Maximum Liquid Plasticity
Material CBR Size #10 #200 Limit* Index*
Subbase 50 50 mm (27) 50 15 25 5
Subbase 40 50 mm (2”) 80 15 25 5
Subbase 30 50 mm (27) 100 15 25 5
Select Material 20 75mm (3") - -- 35 12

* ASTM D 4318.

Table 3-4

Frost Design Soil Classification

Percentage Finer

Frost Than 0.02 mm (0.04”)  Unified Soil Classification Soil
Group Type Soil by Weight Types***
NGS* (a) Gravels 0-1.5 GW, GP
Crushed Stone
Crushed rock
(b) Sands 0-3 SW, SP
(Continued)
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Table 3-4 (Concluded)

Percentage Finer

Frost Than 0.02 mm (0.04”)  Unified Soil Classification Soil
Group Type Soil by Weight Types***
PFS* (a) Gravels 1.5-3 GwW, GP
Crushed Stone
Crushed rock
(b) Sands 3-10 SwW, SP
S1 Gravelly soils 3-6 GW, GP, GW-GM, GP-GM
S2 Sandy soils 3-6 SW, SP, SW-SM, SP-SM
F1 Gravelly soils 6-10 GM, GW-GM, GP-GM
F2 (a) Gravelly soils 10-20 GM, GW-GM, GP-GM
(b) Sands 6-15 SM, SW-SM, SP-SM
F3 (a) Gravelly soils over 20 GM, GC
(b) Sands, except very over 15 SM, SC
fine silty sands
(c) Clays, P1 12 -- CL, CH
F4 (a) Gravelly soils -- ML, MH
(b) Sands, except very over 15 SM
fine silty sands
(c) Clays, PI 12 -- CL, CL-ML

(d) Verved clays and
other fine grained
banded sediments

CL, ML, SM and CH

*

** Possible frost-susceptible, but requires laboratory test to determine frost design soil classification.

Nonfrost-susceptible.

*** Defined in AFM 89-3, Materials Testing.
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of the eight groups may be found as subgrade soils. Soils are listed in approximate order of decreasing
bearing capability during periods of thaw.

(a) Required Thickness. Where there are frost-susceptible subgrades, determine
section thickness according to the reduced subgrade strength method. The reduced 3-5 subgrade
strength method uses the frost area soil support indexes (FASSI) in Table 3-5. Use FASSI like CBR
values. The term CBR is not applied, because FASSI are weighted average values for an annual cycle
and their values cannot be determined by CBR tests. Enter Figure 3-4 with the soil support indexes
(vice CBR values) to determine the required section thickness.

Table 3-5

Frost Area Soil Support Indices (FASSI) of Subgrade Soils
Frost Group FASSI

F1 and S1 9.0

F2 and S2 6.5

F3 and F4 3.5

(b) Pavement Section Layers. When frost is a consideration, recommend the pavement
section consist of layers that will ensure the stability of the system, particularly during thaw periods. The
layered system may consist of a 150-millimeter- (6-inch-) thick minimum wearing surface of fine crushed
stone, a coarse-graded base course, and/or a well-graded subbase of sand or gravely sand. To ensure
the stability of the wearing surface, the width of the base course and subbase should exceed the final
desired surface width by a minimum of 0.35 meter (1 foot) on each side.

(c) Wearing Surface. The wearing surface contains fines (material passing the #200
sieve) to provide stability in the aggregate surface. The presence of fines improves the layer's
compaction characteristics and helps to provide a relatively smooth surface.

(d) Base Course. The coarse-graded base course is important in providing drainage of
the granular fill. Base course should be non-frost-susceptible to retain strength during spring thaw
periods.

(e) Subbase. A well-graded subbase provides additional bearing capacity over the frost-
susceptible subgrade. It also provides a filter layer between the coarsegraded base course and the
subgrade to prevent migration of the subgrade into the voids in the coarser material during periods of
reduced subgrade strength. Therefore, the material must meet standard filter criteria. The subbase
must be either non-frost susceptible or of low frost susceptibility (Sl or S2), The filter layer may or may
not be necessary depending upon the type of subgrade material. If the subgrade consists principally of
gravel or sand, the filter layer may not be necessary, and may be replaced by additional base course if
the gradation of the base course meets filter criteria. For finer grained soils, the filter layer will be
necessary. If using a geotextile, the sand subbaseffilter layer may be omitted, as the fabric will be
placed directly on the subgrade and acts as a filter.

() Compaction. The subgrade should be compacted to provide uniformity of conditions

and a working platform for placement and compaction of subbase. Compaction will not change a
subgrade's frost-area soil support index. However, because frost weakens the subgrade, compacted
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subgrade in frost areas will not be considered part of the layered system of the airfield, which should be
comprised of only the wearing, base, and subbase courses.

(g) Base Course and Filter Layer. Relative thicknesses of the base course and filter
layer vary, and should be based on the required cover and economic considerations.

(h) Alternate Design. The reduced subgrade strength design provides a soil thickness
above a frost-susceptible subgrade which minimizes frost heave. For a more economical design, a frost-
susceptible select material or subbase may be used as a part of the total thickness above the frost-
susceptible subgrade. However, thickness above the select material or subbase must be determined by
using the FASSI of the select or subbase material. Frost-susceptible soils used as select materials or
subbases must meet current specifications; the restriction on the allowable percent finer than 0.02 mm is
waived.

(4) Surface Course. Materials requirements for construction of aggregate surfaced airfields
depend upon whether frost is a factor in the design.

(a) Nonfrost Areas. Material used for airfields should be sufficiently cohesive to resist
abrasive action. It should have a liquid limit no greater than 35 and a plasticity index between 4 and 9. It
also should be graded for maximum density and minimum volume of voids to enhance optimum moisture
retention while resisting excessive water intrusion. Gradation should consist of an optimal combination
of coarse and fine aggregates to ensure minimum void ratios and maximum density. This material will
exhibit cohesive strength as well as intergranular shear strength. Recommended gradations are shown
in Table 3-6. If the fines fraction of the material does not meet plasticity characteristics, the material may
be modified by adding chemicals. Chloride products can, in some cases, enhance moisture retention,
and lime can be used to reduce excessive plasticity.

(b) Frost Areas. Where frost is a consideration, a layered system should be used. The
percentage of fines should be restricted in all the layers to facilitate drainage and reduce the loss of
stability and strength during thaw periods. Use gradation numbers 3 and 4 shown in Table 3-6 with
caution, since they may be unstable in a freeze-thaw environment.

Table 3-6

Gradation for Aggregate Surface Courses (Percent Passing)

Sieve Designation No. 1 No. 2 No. 3 No.4
25.0 mm (17) 100 100 100 100
9.5 mm (3/8”) 50-85 60-100 - -

No. 4 35-65 50-85 55-100 70-100
No. 10 25.50 40.70 40-100 55-100
No. 40 15.30 24-45 20-50 30-70
No. 200 8-15 8-15 8-15 8-15

Note: The percent by weight finer than 0.02 mm (0.04 in.) shall not exceed 3 percent.
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(5) Compaction. Compaction requirements for the subgrade and granular layers are
expressed as a percent of maximum CE 55 density as determined by using CRD-C653, Standard Test
Method for Determination of Moisture-Density Relations of Soils. For granular layers, compact the
material to 1 00 percent of maximum CE 55 density. Select materials and sub-grades in fills must have
densities equal to or greater than the values shown in Table 3-7, except that fills will be placed at no less
than 95 percent compaction for cohesionless soils (PI - 5; LL 25) or 90 percent compaction for cohesive
soils (Pl > 5; LL > 25). Subgrades in cuts must have densities equal to or greater than the values shown
in Table 3-7. Subgrades occurring in cut sections will be either compacted from the surface to meet the
densities shown in Table 3-7 removed and replaced before applying the requirements for fills, or covered
with sufficient material so that the uncompacted subgrade will be at a depth where the in-place densities
are satisfactory. Depths in Table 3-7 are measured from the surface of the aggregate, and not the
surface of the subgrade.

Table 3-7
Compaction Requirements for Helicopter Pads and Slide Areas

Cohesive Soils Cohesionless Soils
Percent 100 95 90 85 80 100 95 90 85
Depth Below Pavement
Surface, millimeters 100 150 200 250 300 150 250 325 400
(inches) (4) (6) (8) (10)  (12) (6) (10) (13) (16)

c. Drainage. Drainage is a critical factor in aggregate surface airfield design, construction, and
maintenance. It should be considered prior to construction; and, when necessary, serve as a basis for
site selection.

(1) Provide adequate surface drainage to minimize moisture damage. Quick removal of
surface water reduces absorption and ensures more consistent strength and reduced maintenance.
Drainage must not result in damage to the aggregate surfaced airfield through erosion of fines or erosion
of the entire surface layer. Ensure changes to the drainage regime can be accommodated by the
surrounding topography without damage to the environment, or the newly constructed slide area or pad.

(2) The surface geometry of an airfield should be designed so that drainage is provided at all
points. Depending upon the surrounding terrain, surface drainage can be achieved by a continual cross
slope, or by a series of two or more interconnecting cross slopes.

(3) Provide adequate drainage outside the airfield area to accommodate maximum flow. Use
culverts sparingly, and only in areas where adequate cover of granular fill is provided over the culvert.
Evaluate drainage for adjacent areas to determine if rerouting is needed to prevent water from other
areas flowing across the airfield.

d. Maintenance. The two primary causes of deterioration of aggregate surfaced areas requiring
frequent maintenance are the environment and traffic. Rain or water flow will wash fines from the
aggregate surface; traffic action causes erosion of surface materials. Maintenance should be performed
at least every six months, and more frequently if required. Frequency of maintenance will be high for the
first few years of use, but will decrease over time to a constant value. Most of the maintenance will
consist of grading to remove ruts and potholes and replacing fines. Occasionally, the surface layer may
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have to be scarified, additional aggregate added to restore original thickness. and the wearing surface
recompacted to the specified density.

e. Dust Control. A dust palliative prevents soil particles from becoming airborne as a result of
wind or traffic. Dust palliatives used on traffic areas must withstand abrasion. An important factor
limiting use of dust palliatives in traffic areas is the extent of surface rutting or abrasion that will occur
under traffic. Some palliatives will tolerate deformations better than others, but ruts in excess of
13 millimeters (1/2 inch) will usually destroy any thin layer or shallow-depth penetration dust palliative
treatment. A wide selection of materials for dust control is available, Several materials have been
recommended for use and are discussed in AFJMAN 32-1019.

8. SURFACE DRAINAGE. Design of surface drainage shall be in accordance with TM 5-820-1/
AFM 88-5, Chapter 1.
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CHAPTER 4
NAVY AND MARINE CORPS AIRFIELD REQUIREMENTS

1.  TRAFFIC. Traffic is an important input for pavement thickness design. An airfield pavement shall
be designed to support a forecast number of loadings by one or more types of aircraft expected to use
the facility over the design period. This requires information related to:

a. Aircraft types (gear configurations).

b. Maximum gross weight of each aircraft type.

c. Lateral wander associated with each aircraft type.

d. Predicted number of operations of each aircraft type over the design life of the pavement.
2. TRAFFIC AREAS. Airfield pavements are categorized by traffic area as a function of either lateral
traffic distribution or aircraft weight or both. The three principal traffic areas recognized on Navy and
Marine Corps air stations are primary, secondary, and supporting. For purposes of standardization and
for preparation of the Tri-Service design criteria, a primary area corresponds to an Air Force B traffic
area and a secondary traffic area corresponds to an Air Force C traffic area. These designated traffic

areas for a typical airfield layout plan are shown in Figure 4-1.

a. Primary Traffic Areas. Primary traffic areas require high pavement strength due to the
combination of high operating weights and channelized traffic. Primary traffic areas include:

(1) First 305 meters (1,000 feet) of runways.
(2) Primary taxiways.

(3) Holding areas.

(4) Aprons.

b. Secondary Traffic Areas. Secondary traffic areas are normally subjected to unchannelized traffic
and aircraft operating at lower weights than primary traffic areas. Secondary traffic areas include:

(1) Runway interiors.
(2) Intermediate taxiway turnoffs.
c. Supporting Areas. Supporting areas are not intended for normal aircraft operations. They are
designed to withstand occasional passes of aircraft on an emergency basis. Supporting traffic areas

include:

(1) Inner 3 meters (10 feet) of runway shoulders.

(2) Stabilized portions of runway overruns.
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(3) Blast protective pavement.

3. AIRCRAFT LOADINGS. Factors which must be considered in pavement thickness design are the
landing gear configuration, weight distribution, gear loads, number of wheels, wheel spacing, tire width,
and tire inflation pressure. These characteristics are different for each aircraft and will result in a
different pavement response. All aircraft expected to use the facility over the design period shall be
considered in the pavement thickness design.

a. Aircraft Types. A landing gear assembly shall consist of a single wheel for smaller aircraft, or
dual and dual tandem wheels for larger aircraft. Figure 4-2 illustrates the various multiwheel landing
gear assemblies and lists typical aircraft for each.

b. Design Weight. The maximum static gear loads are used for pavement thickness design.
Table 4-1 presents the design gear loads and other characteristics for Navy and Marine Corps aircraft.
To use the design curves herein, the design gear load must be converted to the design gross aircraft
weight (typically, the maximum gross take-off weight) by assuming that 95 percent of the gross aircraft
weight is carried by the main gears. The design gear loads given in Table 4-1 represent the maximum
static gear loads expected to be applied to a pavement.

c. Use of Other Gear Loads in Design. Gear loads other than those listed in Table 4-1 may be
used for design when required. Since certain areas of an airfield (e.g., runway shoulders, runway
overruns) do not normally carry fully loaded aircraft, they do not need to be designed for the maximum
gross weight.

d. Hangar Floors. Aircraft in hangars are not normally loaded with cargo, fuel, or armaments.
Hangar floors shall be designed for the empty weight of the aircraft. When exact data are not available,
60 percent of the maximum gross weight of the aircraft shall be used. Aircraft hangar floors or apron
pavements shall not be designed for jacking loads as long as the foot print of the jack is equal to or
greater than the contact area of the combined tires on the aircraft gear being elevated.

e. Standard Design Aircraft. One aircraft in each gear assembly group has been designated the
representative aircraft for that group. The tabulation below identifies these five standard aircraft types
which are to be used as default values in the design of rigid and flexible pavements only when site-
specific aircraft loadings are not available.

Standard Design Aircraft Types

Representative Tire Pressure Design Gear
Landing Gear Assembly Aircraft Mpa (psi) Load, kg (Ib)
Single F-14 1.65 (240) 13,608 (30,000)
Dual P-3 1.31 (190) 30,845 (68,000)
Single Tandem C-130 0.65 (95) 38,100 (84,000)
Dual Tandem C-141 1.24 (180) 70,310 (155,000)
Twin Delta Tandem C-5A 0.79 (115) 86,190 (190,000)
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4. TRAFFIC VOLUME. The traffic type, volume, and pavement design life are essential inputs to the
pavement design procedure. Determine the total number of passes of each aircraft type that the
pavement will be expected to support over its design life. The minimum design life for Navy and Marine
Corps facilities is 20 years. Only aircraft departures are normally included as passes in pavement
thickness design. The exception to this is in touchdown areas on runways where the impact due to
aircraft performing touch-and-go operations will cause pavement damage. On pavements that are to be
used for touch-and-go operations, add the expected number of touch-and-go operations over the design
life to the number of departures to arrive at the design traffic. Obtain data for the specific Navy and
Marine Corps airfield facility under design to forecast aircraft traffic operations over the design life of the
pavement. When site-specific traffic projections are not available, the traffic pass levels listed below are
the minimum pass levels to be used in design.

Aircraft Total Passes Over 20 Year Design Life'
F-14 300,000
P-3 100,000
C-130 50,000
C-141 25,000
C-5A 25,000

' Departures at Maximum Gross Weight.

5. ROLLER-COMPACTED CONCRETE PAVEMENT. Roller-compacted concrete pavement (RCCP)
is a rigid pavement and can be used as pavement except for runway and high-speed taxiway pavements
for fixed-wing aircraft. RCCP can be used for all helipad and heliport pavements.

6. RESIN MODIFIED PAVEMENT. Resin Modified Pavement (RMP) can be used as an Navy
pavement except for fixed-wing runways and high-speed taxiways. RMP can be used for helipads and
heliport pavements and for both rotary-wing and fixed-wing parking aprons.

7. PAVED SHOULDERS.

a. Location. Paved shoulders should be provided for airfield and heliport construction as
designated in EI 02C013/AFJMAN 32-1013/NAVFAC P-971.

b. Structural Requirements. As a minimum, paved shoulders shall be designed to support a load
of 4,535 kilograms (10,000 pounds) imposed by a single wheel with a tire pressure of 0.69 MPa (100

psi).

8. PAVEMENT DESIGN POLICY. The Navy recognizes PCASE rigid and flexible pavement design
programs and consensus industry standard programs in addition to the traditional Navy rigid pavement
design program. Designers are encouraged to consider life cycle costs when designing new pavements.
When the life of the pavement can be extended by more than 10 times, it is acceptable to increase the
pavement thickness by 1 inch or less as determined by the Navy’s traditional rigid pavement center
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panel loading procedure. Use of the Army/Air Force edge loading condition is another way to provide for
improved pavement life cycle costs. Designers shall complete a sensitivity analysis of the above
mentioned programs and review with the senior airfield designer in their geographic area of
responsibility.
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CHAPTER 5

SITE INVESTIGATIONS

1.  GENERAL. The design of pavements must be based on a complete and thorough investigation of
climatic conditions, topographic conditions, subgrade conditions, borrow areas, and sources of base
course, subbase course paving, and other materials. These preliminary investigations will necessitate
use of standard tests and all other available information such as aerial photographs, pavement
evaluations, condition surveys, construction records, soil maps, geologic maps, topographic maps, and
meteorological data. Table 5-1 lists sampling and testing standards used in soil investigations. Although
previous investigations should be used to establish preliminary soil characteristics, additional
investigations must be performed for final design.

2. SUBGRADE INVESTIGATIONS.

a. Field Reconnaissance. Conduct field reconnaissance with the available topographical,
geographical, and soil maps; aerial photographs; meteorological data; previous investigations; and
condition surveys and pavement evaluation reports. This step should precede an exploratory boring
program.

b. Spacing of Preliminary Borings. The subgrade conditions in the area to be used for airfield
pavement construction should be determined by exploratory borings. The recommended maximum
spacing of borings should be as shown in the following tabulation, and should be supplemented with
additional borings whenever variations in soil conditions or unusual features are encountered.

Item Spacing of Borings
Runway and taxiways One boring every 61 to 152 meters (200 to 500 feet)
< 61 meters (200 ft) wide longitudinally on alternating side of pavement centerline
Runways >61 meters Two borings every 61 to 152 meters (200 to 500 feet
(200 feet) wide longitudinally (one boring on each side of centerline)
Parking aprons and pads One boring per 2,325-square-meter (25,000-square-foot) area

c. Depth of Borings. In cut sections, borings should extend to a minimum depth of 3 meters
(10 feet) below the finished grade or to rock. In shallow fill sections, borings should extend to a
minimum depth of 3 meters (10 feet) below the surface of the natural subgrade or to rock. Shallow fills
are those where the effect of the weight of the fill on the natural subgrade is small compared to the
weight of the design aircraft (generally 1.8 meters (6 feet) or less). In high-fill sections, borings should
extend to a minimum depth of 15.2 meters (50 feet) below the surface of the natural subgrade or to rock.
Results of borings will be used to develop boring logs as illustrated in Figure 5-1.

d. Samples. Soil samples should be obtained from the borings for classification purposes. After
these samples are classified, soil profiles should be developed and representative soils selected for
testing. A typical soil profile is shown in Figure 5-2. Test pits or large-diameter borings may be required
to obtain the samples needed for CBR testing, or to permit in-place tests of the various soil layers. The
types and number of samples required will depend on the characteristics of the subgrade soils. Subsoil
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Table 5-1

Soil Sampling and Testing Standards

Category Description ASTM CRD

Exploratory borings Auger samples D 1452
Split barrel sampling D 1586
Thin walled sampling D 1587

Identification and Liquid limit D 4318

classification tests Plastic limit D 4318
Sieve analysis D 422
Finer than No. 200 Sieve D 1140
Classification (Unified Soil Classification) D 2487

Laboratory tests Moisture-density relations D 1557
Remolded CBR C-654
Moisture content D 2216
Unconfined compression D 2166
Permeability test D 2434
Consolidation test D 2435

In-place tests Density and moisture content:
Sand cone D 1556
Drive cylinder D 2937
Rubber balloon D 2167
Nuclear method (density) D 2922
Nuclear method (moisture content) D 3017
In-place CBR C-654

Dynamic Cone Penetrometer (DCP)
CBR by small aperture

Modulus of soil reaction

See Note (2)

C-655

Note: (1) Testing for Air Force and Army Pavements will be by ASTM or CRD.
(2) Description and application of the DCP is provided in FM 5-430-00-2/AFJPAM 32-8013,

Vol Il, Appendix J.
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investigations in the areas of proposed pavement should include measurements of in-place water
content, density, and strength to ascertain the presence of weak areas and soft layers in the subsoil.

e. Borrow Areas. Where material is to be borrowed, borings should be made in these areas to a
depth of 0.6 to 1.2 meters (2 to 4 feet) below the anticipated depth of borrow. One boring should be
made for each 930 square meters (10,000 square feet) with a minimum of three borings per borrow
area. Samples from the borings should be classified and tested for water content, density, and strength.

f. Environmental Hazards. When conducting subsurface investigations, hazardous or toxic waste
material may be located, and appropriate environmental actions will have to be taken. This may be true
around fueling areas particularly if replacing an existing fueling apron where fuel has leaked through the
pavement and contaminated the soil. There may also be buried materials that have to be dealt with in
some areas.

3. SELECT MATERIAL AND SUBBASE FOR FLEXIBLE PAVEMENTS. Areas within the airfield site
or within a reasonable haul distance from the site should be explored for possible sources of select
material and subbase. Exploration procedures similar to those described for subgrades should be used.
Test pits or large auger borings are required to obtain representative samples of gravelly materials.

4. BASE COURSES, DRAINAGE LAYERS, SEPARATION LAYERS, CONCRETE AND
BITUMINOUS CONCRETE. Since these pavement layers are generally constructed using crushed and
processed materials, a survey should be made of existing sources plus other possible sources in the
general area. Significant savings may be made by developing possible quarry sites near the airfield
location. This is particularly important in remote areas where no commercial producers are operating
and in areas where commercial production is limited in quantity.

5. OTHER CONSTRUCTION MATERIALS. The availability and quality of bituminous materials and
portland cement should be determined. The availability and type of lime and fly ash will also aid in the
evaluation and applicability of stabilized layers. This information will be helpful in developing designs
and alerting designers to local conditions and shortages.

6. SOIL CLASSIFICATION. All soils will be classified in accordance with the unified soil classification
system (USCS) as given in American Society for Testing and Materials (ASTM) D 2487. Sufficient
investigations will be performed at a particular site so that all soils to be used or removed during
construction can be described in accordance with the USCS plus any additional description considered
necessary. When classifying soils, be alert to the presence of problem soils such as:

a. Clays that Lose Strength When Remolded. The types of clays that show a decrease in strength
when remolded are generally in the CH and OH groups. They are clays that have been consolidated to
a very high degree, either under an overburden load or by alternate cycles of wetting and drying, or that
have by other means developed a definite structure. They have a high strength in the undisturbed state.
Scarifying, reworking, and rolling these soils in cut areas may produce a lower bearing value than that of
the undisturbed soils.

b. Soils that Become “Quick” When Molded. Some soils deposits such as silts and very fine sands,
(predominantly in classifications ML, SM, and SC) when compacted in the presence of a high water
table, will pump water to the surface and become “quick” or “spongy” with a loss of practically all bearing
value. The condition can also develop in most silts and poorly drained very fine sands if these materials
are compacted at a moisture content higher than optimum. This is because compaction reduces the air
voids so that the available water fills practically all the void space.
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c. Soils With Expansive Characteristics. Expansive soils are generally those with a liquid limit
more than 40 and a plasticity index more than 15. Soils with expansive characteristics give the most
trouble when significant changes occur in moisture content of the subgrade during different seasons of
the year. TM 5-818-7 may be helpful in identifying expansive soils.

7. SOIL COMPACTION TESTS. Soil compaction tests will be used to determine the compaction
characteristics of soils. The degree of compaction required is expressed as a percentage of the
maximum density obtained by the test procedure used. Table 5-1 shows test methods to be used for
determining density. The laboratory compaction control tests should not be used on soil that contains
particles easily broken under the blow of the hammer. Also, the unit weight of certain types of sands and
gravels obtained by this method is sometimes lower than the unit weight that can be obtained by field
methods. Density tests in these cases should be made under some variations of the test methods, such
as vibration or tamping (alone or in combination) to obtain higher laboratory density. In some cases, it
may be necessary to construct field test sections to establish compaction characteristics.

8. SOIL STRENGTH. Sail strength is measured by the CBR for use in designing flexible pavements
and by the modulus of soil reaction (k) for the design of rigid pavements. Strength tests must be made
on material that represents the field condition that will be most critical from a design standpoint. Details
of the CBR test procedure are given in CRD-C 654 and details of the modulus of soil reaction test are
given in CRD-C 655. Figure 5-3 shows approximate relationships between soil classifications and soil
strength values. The relationships will not be used for design of pavements. They are given for
checking and estimating, not as a substitute for testing. Guidance in determining soil strength values are
presented in Chapters 6 through 8.

9. IN-PLACE SOIL STRENGTH TESTS. Test pits for in-place soil strength tests and associated
moisture-density tests should be located at approximately 305-meter (1,000-foot) intervals for runways
and taxiways. For parking aprons and pads, one test pit should be located for each 16,720 square
meters (20,000 square yards). The number and spacing of test pits may be modified whenever
variations in soil conditions or unusual features are encountered.
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clevation 212.3 ft

sample no. 2-1
depth 1 ft 4 in. gray, moist, loose silty sand (SM-SP)
24
sample no. 22 g N :i; 2
depth 3 ft 7 in. -
P 7in LL = 23
T PI = 14 reddish brown, moist, medium clayey sand (SC)
<1y
W= 20 /
6T sample no. 2-3A D sAiir] 3
depth 6 ft 2 in. e
LL = 24
Pl =11
grayish brown, saturated very stiff, sandy clay (CL)
| —t—
w 17
D = 117 3B
sample no. 2-3B N = 29
depth 9 ft 0 in. LL = 28
PL = 12 ' /
10 4 L L L Lt A
Legend
W = water content in percent of dry weight
D = dry density in pcf (pounds per cubic foot)
N = number of blows by 140 1b hammer falling
30 in. to drive sampler 12 in,
sampler data: 1D = 2.0in., 0D = 2.5in.
NP = nonplastic
LL = liquid limit
PI = plasticity index
g water level at time of drilling
(SM) = group classification symbol in accordance

with the Unified Soil Classification Symbol

Figure 5-1. Typical boring log
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CHAPTER 6

SUBGRADE

1.  SUITABILITY OF SUBGRADE. The information obtained from the explorations and tests
previously described should be adequate to enable full consideration of all factors affecting the suitability
of the subgrade and subsoil. The primary factors are as follows:

a. The general characteristics of the subgrade soils.
b. Depth to bedrock.
c. Depth to water table (including perched water table).

d. The compaction that can be attained in the subgrade and the adequacy of the existing density in
the layers below the zone of compaction requirements.

e. The strength that the compacted subgrade, uncompacted subgrade, and subsoil will have under
local environmental conditions.

f. The presence of weak or soft layers in the subsaoil.
g. Susceptibility to detrimental frost action.

h. Settlement potential.

I. Expansion potential.

j- Drainage characteristics.

2.  GRADE LINE. The soil type together with information on the drainage requirements, balancing cut
and fill, flooding potential, depth to water table, depth to bedrock, and the compaction and strength
characteristics should be considered in locating the grade line of the top of the subgrade. Generally, this
grade line should be established to obtain the best possible subgrade material consistent with the proper
utilization of available materials; however, economics of plans for construction must be given prime
consideration.

3. SUBGRADE CBR. The strength of the subgrade may be expressed in terms of the CBR for flexible
pavement design. The CBR test is described in CRD-C 654. It includes procedures for making tests on
samples compacted to the design density in test molds and is soaked 4 days for making in-place CBR
tests and for making tests on undisturbed samples. These tests are used to estimate the CBR that will
develop in the pavement structure. However, a subgrade design CBR value above 20 is not permitted
unless the subgrade meets the requirements for subbases. The CBR selected for the subgrade will be
based on the predominant moisture conditions occurring during the life of the pavement. This moisture
situation can be obtained from pavement evaluation reports and from soil tests under existing
pavements. Where long duration soil moisture conditions cannot be determined with confidence, the
soaked laboratory CBR will be selected for the subgrade soil.
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a. Laboratory Tests. Tests results should include a full family of curves (Figure 6-1) as described
in CRD-C 654. These curves show the three-way relationship of water content at the time of
compaction, compacted density, and CBR after soaking. These curves should be studied in view of the
actual water contents and densities that can be expected considering the natural scatter when specific
control values are specified. The scatter that can be expected with normal control procedures will vary
with the soil type. A spread of plus or minus 2 percent can be anticipated for soils with low optimum
moisture contents (in the range of 10 percent), whereas a spread of plus or minus 4 percent can be
anticipated for soils with high optimum moisture contents (in the range of 25 percent). Poor construction
control may result in even greater scatter. A comparable scatter in the density can also be expected.
After the range of moisture contents and densities that can be expected during actual construction is
estimated, the range of CBR values that will result from these variations in moisture and density should
be determined. The design CBR value for the specific soil tested should be selected near the lower part
of the range. The following steps along with Figure 6-1 illustrate the selection of a design CBR value.

(1) Step A. Determine moisture/density relationship (CRD-C 653) at 12, 26, and
55 blows/layer. Plot density to which soil can be compacted in the field. For the clay of this example,
use 95 percent of maximum density. Plot the desired moisture content range. For the clay of this
example, use +1-1/2 percent of optimum moisture content for approximately 13 and 16 percent. Shaded
area represents compactive effort greater than 95 percent and within £1-1/2 percent of optimum
moisture content.

(2) Step B. Plot laboratory CBR (CRD-C 654) for 12, 26, and 55 blows/layer.

(3) Step C. Plot CBR versus dry density at constant moisture content. Plot attainable
compaction limits of 1,770 and 1,840 kg/m?* (110.6 and 115 Ib/ft®) for this example. The hatched area
represents attainable CBR limits for desired compaction 1,770 and 1,840 kg/m® (110.6 to 115 Ib/ft*) and
moisture content (13 to 16 percent). CBR varies from 11 (95 percent compaction and 13 percent
moisture content) to 26 (15 percent moisture content and maximum compaction). For design purposes,
a CBR at the low end of range is used. In the example, a CBR of 12 with a moisture content specified
between 13 and 16 percent is selected.

b. In-place Tests and Tests on Undisturbed Samples. Where an existing pavement at the site has
a subgrade constructed to the same standards as the job being designed, in-place tests or tests on
undisturbed samples may be used in selecting the design CBR value. Also, where no compaction is
anticipated, as in the layers below the zone of compaction, tests should be conducted on the natural
material. The in-place CBR may be used where little increase in moisture is anticipated, such as coarse
grained cohesionless soils, soils which are at least 80 percent saturated in the natural state, and soils
under existing similar pavements which have reached the maximum water content expected, and thus
no soaking is required. When in-place tests or tests on undisturbed soils are used, a statistical approach
is recommended for selecting the design CBR. An illustration of selecting the design CBR is as follows:
Given 20 CBR test values from a runway site.

(1) CBR=4,4,4,4,5,5,5,5,5,6,6,6,6,6,7,7,8, 8,10, and 11. This is a total of
20 separate tests.

(2) Percent of CBR values equal to or greater than each different value:
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Number Equal to or Greater Percent Equal to or Greater
CBR than Each Different Value than Each Different Value
4
4
4
4 20 (20/20)100 = 100
5
5
5
5
5 16 (16/20)100 = 80
6
6
6
6
6 11 (11/20)100 = 55
7
7 6 (6/20)100 = 30
8
8 4 (4/20)100 = 20
10 2 (2/20)100 =10
11 1 (1/20)100 =5

(3) Plot CBR versus percent equal to or greater as shown in Figure 6-2.

(4) Enter Figure 6-2 at 85 percent. Continue to plotted curve then down to design CBR value
of 4.7. If a sample from a test location has a value so low (indicating a weak area) that it is not
representative of the other tests in the area, obtain additional samples to determine the extent of the
area and whether special consideration is required. Where soil conditions vary substantially, a separate
set of CBR determinations will be required for each distinct soil type.

4. SUBGRADE MODULUS OF SOIL REACTION. The strength of the subgrade is expressed in terms
of the modulus of soil reaction (k) for rigid pavement design. The k value will be determined by the field
plate bearing test as described in CRD-C 655.

a. Strength Test. The field plate bearing test will be performed on representative areas of the
subgrade, taking into consideration such things as changes in material classification, fill or cut areas,
and varying moisture (drainage) conditions which would affect the support value of the subgrade. While
it is not practical to perform a sufficient number of field plate bearing tests to make a statistical analysis
of the k value, a sufficient number must be performed to give confidence that the selected value will be
representative of the in-place conditions. This means that at least two tests for each significantly
different subgrade condition should be conducted. Considering the limited number of measured k values
that can be obtained, maximum use of other pertinent soil data must be made to aid in the selection of
the design k value. The pavement thickness is not affected appreciably by small changes in k values.
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Therefore, the assignment of k values in increments of 2.71 MN/m? (10 pci) for values up to and
including 68 MN/m? (250 pci) and in increments of 6.8 MN/m?® (25 pci) for values exceeding 68 MN/m?
(250 pci) should be sufficient. A maximum k value of 135 MN/m? (500 pci) will be used. Typical values
of k for different soil types and moisture contents are shown in Table 6-1.

Table 6-1
Typical Values of Modulus of Soil Reaction

Suggested Default
Pavement Design Values
if No Test Data is

Soils Typical Range (Ib/in.?/in.) Available (Ib/in.?/in.)
Organic Soils (OL, OH, Pt) 25-100 25
Silts and Clays of High Plasticity 50-150 50
(CH, MH)

Silts and Clays of Low Plasticity 50 - 200 100
(CL, ML)

Silty and Clayey Sands (SM, SC) 50 - 250 150
Well- and Poorly-Graded Sands 150 - 400 200
(SW, SP)

Silty and Clayey Gravels (GC, 200 - 500 250
GM)

Well- and Poorly-Graded Gravels 300 - 500 350
(GW, GP)

Pavement design should be based on test data or at least historical data of past designs and
evaluations at the same facility if at all possible. These default values are suggested for use for
preliminary calculations or for small projects or projects where better data simply cannot be obtained.
Inadequate testing or evaluation budgets are not an excuse to use these values for final design.

b. Special Conditions. Test Method CRD-C 655 requires a correction of the field plate bearing test
results to account for saturation of the soil after the pavement has been constructed. Most fine-grained
soils exhibit a marked reduction in the modulus of soil reaction with an increase in moisture content, and
a saturation correction is applicable. However, in arid regions or regions where the water table is
3.0 meters (10 feet) or more below ground level throughout the year, the degree of saturation that may
result after the pavement has been constructed may be less than that on which the saturation correction
is based. If examination of existing pavements (highway or airfield) in the near vicinity indicates that the
degree of saturation of the subgrade is less than 95 percent and if there is no indication of excessive
loss of subgrade support at joints due to erosion or pumping, the correction for saturation may be
deleted.

5. SUBGRADE COMPACTION FOR FLEXIBLE PAVEMENTS - NORMAL CASES. In general,
compaction increases the strength of subgrade soils and the normal procedure is to specify compaction
in accordance with the following requirements.
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a. Subgrades with CBR values above 20.

(1) Army and Air Force. One hundred percent density from ASTM D 1557 except where it is
known that a higher density can be obtained practically. Then, the higher density will be required.

(2) Navy and Marine Corps. Compact to 95 percent of ASTM D 1557 maximum density.
b. Subgrades with CBR values of 20 or less.

(1) Fills. Subgrades in fills shall have densities equal to or greater than the values determined
from Tables 6-2 through 6-7. Cohesionless fill will not be placed at less than 95 percent nor cohesive fill
at less than 90 percent of maximum density from ASTM D 1557. The top 6 inches of subgrade will be
compacted to 95 percent of maximum density from ASTM D 1557.

(2) Cuts. Subgrades in cuts shall have natural densities equal to or greater than the values
determined from Tables 6-1 through 6-6. When they do not, the subgrade shall be (a) compacted from
the surface to meet the densities required, (b) removed and replaced (then the requirements given
above for fills apply), or (c) covered with sufficient select material, subbase, and base so that the
uncompacted subgrade will be at a depth where the in-place densities are satisfactory. The top
152 millimeters (6 inches) of subgrade will be compacted to 95 percent of maximum density from
ASTM D 1557.

c. Natural Densities. The natural densities occurring in the subgrade should be compared with the
compaction requirements to determine if densification at the deeper depths under design traffic is a
problem. If such densification is likely to occur, means must be provided for compacting these layers, or
the flexible pavement structure must be established so that these layers are deep enough that they will
not be affected by aircraft traffic.

d. Compaction Levels and Moisture Content. Compaction of soils and aggregates accomplishes
two specific purposes: (1) it achieves sufficient density in each layer of material such that future traffic
will not cause additional densification and consequent rutting and (2) it achieves the designer’s desired
engineering properties, normally strength used for the pavement design. The requirements for density in
Tables 6-2 through 6.6 coupled with proof rolling (paragraph 9 of Chapter 8) accomplish the first
objective. The interaction between specified compaction levels and moisture contents and design
strength is described in paragraph 3 of this chapter and Figure 6-1. Controlling field compaction of soils
and aggregates using a specified percent of a laboratory compaction value and a specific range of
allowable compaction moisture contents based on the laboratory optimum has proven simple and
effective in practice for over a half century. Compaction curves of actual rollers in the field conform to
the general shape and characteristics of the laboratory compaction curves but will deviate slightly from
the actual laboratory curve. This deviation is not generally significant. Failure to control compaction
moisture is probably one of the most common causes of failure to achieve specified density in the field.
The contractor must thoroughly mix and disperse the moisture in the soils and aggregates and must
allow for evaporation which can be significant on clear or windy days in many soils. Some soils such as
silts have very steep compaction curves requiring fairly close control of the moisture to achieve
compaction. Truly cohesionless soils compact best saturated but a relatively small increase in fines in
such materials can make them spongy and uncompactable at saturation. Experience and field
evaluation of each soil’s behavior under compaction is usually needed to meet the stringent compaction
standards used in military airfield construction. It is important to meet both the minimum specified
density and to accomplish the compaction within the specified ranges of moisture content.

6-5
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6. SUBGRADE COMPACTION FOR RIGID PAVEMENTS - NORMAL CASES. Compaction improves
soil strength and ensures that densification with resulting voids under the concrete slab does not occur.
Subgrade soils that gain strength when remolded and compacted will be prepared in accordance with
the following criteria.

Table 6-7
Compaction Requirements for Shoulders
'Depth of
'Depth of Compaction in inches Compaction in inches for
for Cohesive Subgrades and Cohesionless Subgrades
Select Materials and Select Materials
Percent Compaction (LL < 25; Pl < 5) (LL > 25; P1 > 25)
85 17 29
90 14 23
95 10 16
100 6 10

' Depth is measured from pavement surface.
Conversion Factor: Millimeters = 25.4 x inches.

a. Compacting Fill Sections. Fills composed of soil having a plasticity index (Pl) greater than 5 or a
liquid limit (LL) greater than 25 will be compacted to not less than 90 percent of ASTM D 1557 maximum
density. Fills composed of soil having a Pl equal to or less than 5 and an LL equal to or less than 25 will
be compacted as follows: the top 152 millimeters (6 inches) will be 100 percent of ASTM D 1557
maximum density; the remaining depth of fill will be 95 percent of ASTM D 1557 maximum density.
Large fills on natural soil should be analyzed for bearing capacity and settlement using conventional soil
mechanics.

b. Compacting Cut Sections. The top 152 millimeters (6 inches) of subgrades composed of soil
having a PI greater than 5 or an LL greater than 25 will be compacted to not less than 90 percent of
ASTM D 1557 maximum density. If the natural subgrade exhibits densities equal to or greater than
90 percent of other ASTM D 1557 maximum density, no compaction is necessary other than that
required to provide a smooth surface. Soils having a Pl equal to or less than 5 and an LL equal to or
less than 25 will be compacted as follows: the top 152 millimeters (6 inches) will be 100 percent of
ASTM D 1557 maximum density; the 455 millimeters (18 inches) below the top 152 millimeters
(6 inches) will be 95 percent of ASTM D 1557 maximum density. Again, if the natural subgrade exhibits
densities equal to or in excess of the specified densities, no compaction will be necessary other than that
required to provide a smooth surface; in most cases, these densities can be obtained by surface rolling
only.

c. Permissible Variations in Field Density. The above criteria should be considered as minimal
values. Also, it is emphasized that it is often difficult to correlate field densities with those obtained by
practical compaction procedures in the field. Higher densities should result in higher foundation
strengths and thus thinner pavements which may offset the added cost of compaction. Experience has
shown that the highest densities for all but the special cases (that is, soils that lose strength when
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remolded, become “quick” when remolded, or have expansive characteristics) result in lower permanent
deformations, less susceptibility to pumping, and improved overall performance.

7. TREATMENT OF PROBLEM SOILS. Although compaction increases the strength of most soils,
some soils decrease in stability when scarified, worked, and rolled. There are also some soils that
shrink excessively during dry periods and expand excessively when allowed to absorb moisture. When
these soils are encountered, special treatment is required. General descriptions of the soils in which
these conditions may occur and suggested methods of treatment are outlined as follows:

a. Clays that Lose Strength When Remolded. These types of clays have a high strength in the
undisturbed state. Scarifying, reworking, and rolling these soils in cut areas may produce a lower
bearing value than that of the undisturbed soils. When such clay soils are encountered, bearing values
should be obtained for both the undisturbed soil and the soil remolded and compacted to the design
density at the design moisture content and adjusted to the future moisture content conditions. If the
undisturbed value is the higher, no compaction should be attempted, and construction operations should
be conducted to produce the least possible disturbance of the soil. Since compaction cannot be effected
in these cases, the total thickness design above the subgrade may be governed by the required depth of
compaction rather than the CBR requirements.

b. Soils that Become “Quick” When Molded. It is difficult to obtain the desired densities in these
silts and very fine sands at moisture contents greater than optimum. Also, during compaction of the
base, the water from a wet, spongy silt subgrade will often enter the subbase and base with detrimental
effects. The bearing value of these silts and very fine sand is reasonably good if they can be compacted
at the proper moisture content. Drying is not difficult if the source of water can be removed, since the
soils are usually friable and can be scarified readily. If the soils can be dried, normal compaction
requirements should be applied. However, removing the source of water is often very difficult and in
some cases impossible in the allotted construction period. In cases of high water table, drying is usually
not satisfactory until the water table is lowered, as recompacting operations will again cause water to be
pumped to the surface. Local areas of this nature are usually treated satisfactorily by replacing the soil
with subbase and base materials or with a dry soil that is not critical to water. There are cases where
drainage is not feasible and a high water table cannot be lowered, or cases where such soils become
saturated from sources other than high water table and cannot be dried out (as in necessary
construction during wet seasons). In such cases, the subgrade should not be disturbed, and additional
thickness of base and pavement should be used to ensure that the subgrade will not be overstressed or
compacted during subsequent traffic by aircraft.

c. Soils with Expansive Characteristics. Soils with expansive characteristics, if highly compacted,
will swell and produce uplift pressures of considerable intensity if the moisture content of the soil
increases after compaction. This action may result in intolerable differential heaving of flexible
pavements. Where the amount of swell is less than about 3 percent (as determined from soaked CBR
test), special consideration will not normally be needed. However, where an airfield subgrade includes
interspersed patches of soil with different swell characteristics, even amounts of swell less than
3 percent may require special consideration.

(1) Proper moisture content and density. A common method of treating a subgrade with
expansive characteristics is to compact it at a moisture content and to a unit weight that will minimize
expansion. The proper moisture content and unit weight for compaction control of a soil with marked
expansion characteristics are seldom the optimum moisture content and unit weight determined by the
compaction test. These factors may be determined from a study of the relations between moisture
content, unit weight, percentage of swell, and CBR for a given soil. A combination of moisture, density,
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CBR, and swell that will give the greatest CBR and density consistent with a tolerable amount of swell
must be selected. The CBR and density values so selected are those that must be considered in the
design of overlying layer thickness. Field control of the moisture content must be carefully exercised
because if the soil is too dry when compacted, the expansion will increase; and if it is too wet, low unit
weight will be obtained and the soil will shrink during a dry period and then expand during a wet period.
This method requires detailed testing and extensive field control of compaction.

(2) Overburden load. In order to limit swell of expansive soils, it may be desirable to provide
overburden if expansion cannot be limited by other procedures to acceptable amounts. Special swell
tests normally will be needed to determine the amount of weight (overburden) necessary to restrict the
swell to tolerable magnitudes. These tests can be variations of the standard soaked CBR test described
in CRD-C 656, or they can be specially designed tests using a consolidometer apparatus.

(3) Special solutions. Special solutions to the problem of swelling soils are sometimes possible
and should not be overlooked where pertinent. For instance, where climate is suitable, it may be
possible to place a permeable layer (aquifer) over a swelling soil to maintain the swelling soil in a
saturated condition. Moisture buildup in this layer maintains the soil in a stable, swelled condition.
Designs must, of course, be based on the swelled CBR and density values of such a material when so
treated. Other possible solutions are treatment with lime (TM 5-822-14/AFJMAN 32-1019), replacement
of the swelling soil, or working the soil to make it more uniform.

d. Design Considerations for Special Cases. Whenever subgrades are given special treatments
that cause their resulting strength or their resulting density to be less than when normally treated, these
lesser values must be considered in design of the overlying layers. When a low CBR results, sufficient
thickness of overlying structure must be provided to protect a subgrade of such low strength. When a
low density results, the thickness of overlying material must be such that the density versus depth
requirements of the specifications are met.

8. STABILIZED SUBGRADES. Subgrades can be stabilized by the addition of lime, cement, or a
combination of these materials with flyash. Design of pavements using stabilized soils is discussed in
Chapter 9 of this document and in TM 5-822-14/AFJMAN 32-1019. Lime should not be used with soils
containing sulfates.

9. SUBGRADES IN FROST AREAS. In areas where frost susceptible subgrade soils will be
subjected to cycles of freeze-thaw, pavements must be designed in accordance with the requirements of
Chapter 20.
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CHAPTER 7

SELECT MATERIALS AND SUBBASE COURSES
FOR FLEXIBLE PAVEMENTS

1.  GENERAL. Itis common practice in flexible pavement design to use locally available or other
readily available materials between the subgrade and base course for economy. The Navy and Marine
Corps designate these layers as subbases and require a minimum CBR of 30. The Army and Air Force
refer to these layers as subbases when the design CBR is above 20 and as select materials subbase
when the CBR is 20 or less. Minimum thicknesses of pavement and base have been established to
eliminate the need for subbases with design CBR values above 50. Guide specifications have been
prepared for select materials and subbases. Where the design CBR value of the subgrade without
processing is in the range of 20 to 50, select materials and subbases may not be needed. However, the
subgrade cannot be assigned design CBR values above 20 unless it meets the gradation and plasticity
requirements for subbases. In some cases, where subgrade materials meet plasticity requirements but
are deficient in grading requirements, it may be possible to treat an existing subgrade by blending in
stone, limerock, sand, etc., to produce an acceptable subbase. However, “blending in” cohesionless
materials to lower the plasticity index will not be allowed.

2. MATERIALS. The investigations described in Chapter 5 will be used to determine the location and
characteristics of suitable soils for select material and subbase construction. Limerock, coral, shell, blast
furnace slags (steel slag is not suitable), cinders, caliche, recycled concrete and asphalt, and other such
materials in addition to gravels and rock should be considered when they are economical and when they
meet the requirements of paragraph 4 entitted SELECTION OF DESIGN CBR. Do not use material
which has a swell of 3 percent or greater, as determined from the CBR mold, for subbase. These
materials will meet the LA Abrasion requirements of not more than 50 percent..

a. Select Materials. Select materials will normally be locally available coarse-grained soils.
Recommended gradation and plasticity requirements for select materials are listed in paragraph 4
entitted SELECTION OF DESIGN CBR.

b. Subbase Materials. Subbase materials may consist of naturally occurring coarse-grained soils
or blended and processed soils. Gradation and plasticity requirements for subbases are listed in
paragraph 4 entitled SELECTION OF DESIGN CBR. The existing subgrade may meet the requirements
for a subbase course or it may be possible to treat the existing subgrade to produce a subbase. Also,
admixing native or processed materials will be done only when the unmixed subgrade meets the liquid
limit and plasticity index requirements for subbases because it has been found that “cutting” plasticity in
this way is not satisfactory. However, it may be permissible to decrease the plasticity of some materials
by using lime or portland cement in sufficient amounts to meet the plasticity requirements of subbases.
In order to be considered stabilized for thickness design purposes, the soil must meet the minimum
strength requirements as shown in Table 7-1.

3. COMPACTION REQUIREMENTS. Subbases will be compacted to 100 percent of maximum
density as determined by ASTM D 1557. Select materials will be compacted to the densities shown in
Tables 6-2 to 6-7, except that cohesionless select materials will be placed at no less than 95 percent and
cohesive select materials at no less than 90 percent of ASTM D 1557 maximum density.

4. SELECTION OF DESIGN CBR. The select material or subbase will generally be uniform, and the
problem of selecting a limiting condition, as described for the subgrade, does not ordinarily exist. Tests
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Table 7-1
Minimum Unconfined Compressive Strength for Cement, Lime, Lime-Cement, and Lime-
Cement-Fly Ash Stabilized Soils

Minimum Unconfined Compressive Strength, psi'

Stabilized Soil Layer Flexible Pavement Rigid Pavement
Base course 750 500
Subbase course, select material 250 200

or subgrade

" Unconfined compressive strength determined at 7 days for cement stabilization and 28 days for lime,
lime fly ash, or lime-cement-fly ash stabilization.

are usually made on soaked remolded samples; however, where existing similar construction is
available, CBR tests should be made in-place on material when it has attained its maximum expected
water content or on undisturbed soaked samples. The procedures for selecting test values described for
subgrades apply to select materials and subbases. Experience has shown that CBR tests on gravelly
materials in the laboratory have tended to give CBR values higher than those obtained in tests in the
field. The difference is attributed to the processing necessary to test the sample in the 152-millimeter
(6-inch) mold, and to the confining effect of the mold. Therefore, the CBR test is supplemented by
gradation and Atterberg limits requirements for subbases, as shown in Table 7-2. Suggested limits for
select materials are also indicated. In addition to these requirements, the laboratory CBR must be equal
to or higher than the CBR assigned to the material for design purposes.

Table 7-2
Gradation and Atterberg Limit Requirements for Subbases and Select Materials

Maximum Permissible Value'

Gradation Requirements

Maximum’ Percent Passing
Design 2.0 mm .075 mm
Material CBR Size, mm (in.) (No. 10) (No. 200) LL Pl
Subbase 50 75 (3) 50 15 25 5
Subbase 40 75 (3) 80 15 25 5
Subbase 30 75 (3) 100 15 25 5
Select material 20 75 (3)2 - 252 352 122

Note:  LL signifies liquid limit; PI signifies plasticity index.

' EI 02C202/AFJMAN 32-1016 contains maximum values for open graded and rapid draining
materials.

2 Suggested limits.
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a. Navy Minimum Subbase CBR. On Navy airfield pavements, material with a minimum CBR of
30 should be used in the upper 152 millimeters (6 inches) of the subbase.

b. Exceptions to Gradation Requirements. Cases may occur in which certain natural materials
that do not meet the gradation requirements may develop satisfactory CBR values in the field.
Exceptions to the gradation requirements are permissible when supported by adequate in-place CBR
tests on construction that has been in service for several years.

c. Example. As an example of the selection of a design CBR for subbases or select materials,
consider the following material.

Soaked laboratory CBR =40

Maximum size, millimeters (inches) = 50 (2.0)
Percent passing 2.0 millimeters (No. 10) = 85
Percent passing 0.075 millimeters (No. 200) = 14
Liquid limit = 12

Plasticity index = 3

The design CBR for this material would be 30 rather than the measured value of 40 because 80 percent
passing the 2.0 millimeters (No. 10) sieve is the maximum permitted for higher CBR values and this
material has 85 percent passing.

5. SEPARATION LAYERS. The gradation requirements shown in paragraph 4 are the maximum
allowable limits. The designers can and should include additional gradation requirements to ensure that
this material will meet the requirements for a separation layer as described in EI02C202/AFJMAN 32-
1016. These additional gradations are dependent on the base course or drainage layer gradations and
the gradations of the existing subgrade material; therefore, the designer should tailor these changes for
each project.

6. STABILIZED SELECT MATERIALS AND SUBBASES. The design of pavements using stabilized
soils is discussed in Chapter 9 of this document and in TM 5-822-14/AFJMAN 32-1019.

7. DESIGN FOR SEASONAL FROST CONDITIONS. In areas where the pavement will be subject to
cycles of freezing and thawing, Army and Air Force pavements will be designed in accordance with the
requirements in Chapter 9.

8. DRAINAGE LAYERS. The requirements for drainage layers used for subbase are presented in

El 02C202/AFJMAN 32-1016 and NAVFAC DM 21.06. For pavements in nonfrost areas and having a
subgrade with a permeability greater than 20 feet/day, one can assume that the vertical drainage will be
sufficient such that no drainage layer is required. Also, flexible pavements in nonfrost areas with a total
thickness of 8 inches or less are not required to have a drainage layer. For pavements requiring
drainage layers, the design of the drainage layer shall be based on the premise that the capacity of the
drainage layer should be greater than the volume of water entering the pavement and that the drainage
layer, if saturated, should reach a degree of drainage of 0.85 within 1 day after the inflow of water stops.
The degree of drainage for the drainage layer is defined as the volume of water that has drained from
the layer over a specified time period divided by the total volume of water in the layer that can be drained
by gravity.
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CHAPTER 8

AGGREGATE BASE COURSES

1. USE OF AGGREGATE BASE COURSES. Aggregate base courses may be required for one or
more of the following reasons: distribution of load, provide drainage, protect from frost, provide uniform
bearing surface for the pavement surfacing, replace unsuitable soils, provide working platform, increase
strength of pavement system or prevent pumping.

2. MATERIALS FOR AGGREGATE BASE COURSES IN FLEXIBLE PAVEMENTS. Aggregate base-
course materials for flexible pavement must be of high quality and conform to agency guide
specifications. Since natural cementation of the materials listed in subparagraphs c, d, e, f, and g occurs
progressively in place, there is a potential that the strength of these materials will increase with time,
resulting in higher CBR values than laboratory tests indicate. Special requirements for aggregate base
courses in frost areas are discussed in Chapter 20. Aggregate base courses used as drainage layers
must meet the requirements of EI 02C202/AFJMAN 32-1016. Those materials generally used as
aggregate base-course materials are listed below:

a. Graded Crushed Aggregate Base Course--100 CBR. Stone is quarried from formations of
granite, traprock, and limestone. Gravel is quarried from deposits of river or glacial origin. The stone
and gravel are crushed and screened to produce a dense-graded crushed aggregate material meeting
requirements of guide specifications. The percentage of loss shall not exceed 40 when tested in
accordance with ASTM C-131. The material shall also meet the requirements listed in CEGS 02722 for
flat and elongated particles, liquid limit and plasticity index, and magnesium sulfate soundness when
tested in accordance with ASTM C 88. Gradation requirements for graded crushed aggregates are as
follows:

Table 8-1
Gradation Requirements for Graded Crushed Aggregates, Base Courses, and Aggregate Base
Courses

Percentage by Weight Passing Square-Mesh Sieve

Sieve Designation No. 1 No. 2 No. 3
50-mm (2-in.) 100 - -
37.5-mm (1-1/2-in.) 70-100 100 -
25-mm (1-in.) 45-80 60-100 100
12.5-mm (1/2-in.) 30-60 30-65 40-70
4.75-mm (No. 4) 20-50 20-50 20-50
2.0-mm (No. 10) 15-40 15-40 15-40
0.425-mm (No. 40) 5-25 5-25 5-25
0.075-mm (No. 200) 0-8 0-8 0-8

b. Aggregate Base Course--80 CBR. This material is a blend of crushed and natural materials
processed to provide a dense graded mix (often referred to as mechanically stabilized base course).
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The percentage of loss shall not exceed 50 when tested in accordance with ASTM C-131. The material
shall also meet the requirements listed in CEGS 02722 for flat and elongated particles, liquid limit and
plasticity index, and magnesium sulfate soundness when tested in accordance with ASTM C 88. The
gradation requirements are the same as for the 100 CBR material, but fractured faces relaxed to

50 percent.

c. Blast Furnace Slag. Slag is a by-product of steel manufacturing. It is air cooled, crushed, and
graded to produce a dense mix. Fines from other sources may be used for blending. Requirements for a
graded crushed aggregate apply. Only blast furnace slag will be used. Minimum required unit weight of
slag is 1,200 kg/m? (75 Ib/ft?).

d. Shell Sand. Shell sand consists of oyster and clam shells that have been crushed, screened,
and blended with sand filler. Ratio of the blend shall be not less than 67 percent shell to 33 percent
sand. Refer to local specifications where available.

e. Coral. Coral consists of hard cemented deposits of skeletal origin. Coralline limestone
quarried from inland deposits and designated quarry coral is the most structurally sound of the various
coral materials available. Other types useful for base materials are reef coral and bank run coral.
Quarry coral is crushed and graded to a dense mix. The following gradation is recommended:

Sieve Designation Percent Passing
50-mm (2-in.) 100
37.5-mm (1-1/2-in.) 70-100
19-mm (3/4-in.) 40-90
4.75-mm (No. 4) 25-60
0.425-mm (No. 40) 5-20
0.075-mm (No. 200) 0-10

The percentage of wear (ASTM C-131) is not to exceed 50.
f. Limerock. Limerock is a fossiliferous limestone of the oolitic type generally located in Florida.

g. Shell Rock. Shell rock or marine limestone are deposits of hard cemented shells located in
North Carolina and South Carolina. Refer to local guide specifications where available. Percentage of
loss should not exceed 50 when tested in accordance with ASTM C-131..

h. Stabilized Materials. Stabilized materials consist of granular materials that have been improved
by the addition of cement, lime, bitumen, or a combination of those additives with flyash. See Chapter 9
for a discussion of stabilization.

i. Crushed Recycled Concrete. Crushed recycled concrete shall consist of previously hardened
portland cement concrete or other concrete containing pozzolanic binder material. The recycled material
shall be free of all reinforcing steel, bituminous concrete surfacing, and any other foreign material and
shall be crushed and processed to meet the required gradations for coarse aggregate. Crushed
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recycled concrete shall meet all other applicable requirements specified below. Recycled concrete to be
exposed to sulfates in the ground or water must be checked for sulfate resistance. Contact MAJCOM for
guidance.

3. AGGREGATE BASE COURSES FOR ARMY AND AIR FORCE RIGID PAVEMENT.

a. General. Drainage layers generally serve as aggregate base courses under rigid pavements
and must meet the requirements of EI 02C202/AFJMAN 32-1016. A minimum aggregate base-course
thickness of 102 millimeters (4 inches) will be required over subgrades that are classified as CH, CL,
MH, ML, and OL (ASTM D 2487) for protection against pumping except in arid climates where
experience has shown that there is no need for the aggregate base course to prevent pumping. In
certain cases of adverse moisture conditions (high water table or poor drainage), SM and SC soils may
also require aggregate base courses to prevent pumping. Engineering judgment must be exercised in
the design of aggregate base-course drainage to ensure that water is not trapped directly beneath the
pavement, which invites the pumping condition that the base course is intended to prevent. In addition,
aggregate base courses in inlay sections should be constructed to drain toward the outside edge.
Daylighting of the aggregate base course may also be required. Care must also be exercised when
selecting aggregate base-course materials to be used with slipform construction of the pavement.
Generally, slipform pavers will operate satisfactorily on materials meeting aggregate base-course
requirements. However, cohesionless sands, rounded aggregates, etc., may not provide sufficient
stability for slipform operation and should be avoided if slipform paving is to be a construction option.
The designer should consider extending the aggregate base course 1.5 to 3.0 meters (5 to 10 feet)
outside the edge of the pavement to provide a working platform for construction equipment.

b. Material Requirements. A complete investigation will be made to determine the source, quantity,
and characteristics of available materials. The aggregate base course may consist of natural materials
or processed materials, as discussed for flexible pavements. In general, the unbound aggregate base
material will be a well-graded, high-stability material. All aggregate base courses to be placed beneath
airfield rigid pavements will conform to the following requirements in addition to those requirements in
base course guide specifications (sieve designations are in accordance with American Society for
Testing and Materials (ASTM E 11):

Well-graded, coarse to fine.

Not more than 85 percent passing the 2.0-millimeter (No. 10) sieve.
Not more than 15 percent passing the 0.075-millimeter (No. 200) sieve.
P1 not more than 8 percent.

However, when it is necessary for the base course to provide drainage, the requirements set forth in
El 02C202/AFJMAN 32-1016 will be followed.

4. AGGREGATE BASE COURSES FOR NAVY AND MARINE CORPS RIGID PAVEMENTS.

a. General. The main structural support element in a rigid pavement is the portland cement
concrete slab. The most important function of the aggregate base-course material in a rigid pavement is
to provide uniform long-term support to the slab with adequate drainage to prevent pumping and loss of
support. The aggregate base course must be constructed of quality material and properly designed to
ensure a good foundation. If pumping and loss of support occur, the performance of the concrete slab
will be reduced.
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b. Material Requirements. Suitable materials for aggregate base courses include natural,
processed, manufactured, and stabilized materials which meet ASTM D 2940. These are the most
common types of base course materials. Select local materials if possible, and consider local
experience and practices when selecting a base material.

c. Gradation. To provide adequate drainage, the base course must contain little or no fines
(material that passes the 0.075-millimeter (No. 200) sieve). Gradation requirements assure adequate
stability and drainage by the base course under repeated loads. Crushed aggregates have greater
stability than round-grained materials.

d. Wear Resistance. Aggregates suitable for base-course material must have the ability to
withstand abrasion and/or crushing. Do not use soft aggregates for base course material because they
may break down into fines which will inhibit drainage. Use the Los Angeles abrasion test (ASTM C 131)
for determining aggregate abrasion resistance. Aggregates suitable for base course shall have a
percentage loss in the Los Angeles abrasion test less than or equal to 40 percent.

e. Lean Concrete Bases. Lean concrete mixtures may be used as base material to provide
increased support and reduce pumping. They may also be more economical than stabilized bases.
Lean concrete refers to a mixture composed of low-cost, locally available aggregates that may not meet
specifications for normal concrete mixtures and an amount of portland cement that is usually less than
for normal concrete mixtures. Local aggregates, substandard aggregates, and recycled materials may
all be used in lean concrete mixtures for base materials. When properly designed, these materials can
provide a strong and erosion-resistant base.

(1) Material specifications and gradation requirements for aggregates used in lean concrete
mixtures are not as restrictive as those for aggregates used in normal concrete. Aggregate gradations
should conform to one of the gradations given in Table 8-2. The aggregate materials should be free
from any elongated or soft pieces and dirt. Mix design for lean concrete bases is discussed in
Chapter 11.

Table 8-2
Gradations for Lean Concrete Base Materials

Percentage by Weight Passing Sieve

Sieve Size
(square opening) mm (in.) A B C
50 (2) 100 - -
37.5(1.5) - 100 -
25 (1.0) 55-85 70-95 100
19 (0.75) 50-80 55-85 70-100
4.75 (No. 4) 30-60 30-60 35-65
0.425 (No. 40) 10-30 10-30 15-30
0.075 (No. 200) 0-15 0-15 0-15
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(2) Any bond between the lean concrete base and the concrete slab to be placed on top must
be prevented to retard reflective cracking. A bond breaking material such as a wax-based curing
compound should be placed on top of all lean concrete base courses.

f. Recycled Concrete Bases. Recycled portland cement concrete can serve as an aggregate for
use in a granular base course or in recycled concrete base. The concrete must be properly crushed and
sized to meet gradation requirements.

g. Geotextile Fabrics. Geotextile fabrics may be considered for reinforcement of the subgrade to
provide a working platform for base course construction and to separate the subgrade and base course
to maintain the original base course gradation. See NAVFAC DM 7.01 and NAVFAC DM 21.06 for
design criteria on geotextile fabrics. The use of geotextile fabric is encouraged to prevent loss of fines
from the surrounding soil through subsurface utility lines.

5. STRENGTH OF AGGREGATE BASE COURSES FOR RIGID PAVEMENTS. The modulus of soil
reaction k of the unbound base courses will be determined by field plate bearing tests performed on the
surface of the compacted base course or by tests on the subgrade and from Figure 8-1. If both methods
are used, the lower value obtained by the two methods will be used for the pavement design. A
sufficient number of field plate bearing tests must be performed on the top of a finished base course to
determine a realistic design K value. Consideration should be given to the variations in base-course
thickness, types of materials, and the variation in subgrade strengths. Figure 8-1 yields an effective k
value at the surface of the base course as a function of the subgrade k value and base-course thickness.
These relationships have been generated by field testing. If the design k value is selected from

Figure 8-1, it should be verified in the field. The maximum value for the modulus of soil reaction to be
used in design is 135 KPa/mm (500 pci).

6. STRENGTH OF AGGREGATE BASE COURSES FOR FLEXIBLE PAVEMENTS. Because of the
effects of processing samples for the laboratory CBR tests and because of the effects of the test mold,
the laboratory CBR test will not be used in determining CBR values of base courses. Instead, selected
CBR ratings will be assigned as shown in the following tabulation. These ratings have been based on
service behavior records and, where pertinent, on in-place tests made on materials that have been
subjected to traffic. It is imperative that the materials conform to the quality requirements given in the
guide specifications so that they will develop the needed strengths.

Aggregate Base Course Design CBR
Graded Crushed Aggregate 100’
Aggregate? 80
Limerock 80
Shell Sand 80
Coral 80
Shell Rock 80

Note: See Chapter 6 for open-graded and rapid-draining material requirements
' Limited to 80 CBR for Navy and Marine Corps.
2 Formerly mechanically stabilized aggregate.
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7.  MINIMUM THICKNESS REQUIREMENTS FOR FLEXIBLE PAVEMENTS. The minimum allowable
thicknesses for aggregate base courses in flexible pavements are listed in Table 8-3 for Army airfields,
Table 8-4 for Navy and Marine Corps airfields, and Table 8-5 for Air Force airfields. These thicknesses
have been established so that the required subbase CBR will always be 50 or less.

Table 8-3
Minimum Surface and Aggregate Base-Course Thickness Requirements for Army Flexible
Pavement Airfields, Inches

100 CBR Base 80 CBR Base'
Airfield Heliport Class Traffic Area Surface Base Total Surface Base Total
I B 2 6 8 2 6 8
Il B 2 6 8 3 6 9
11 A 2 6 8 2 6 8
B 2 6 8 2 6 8
C 2 6 8 2 6 8
v A 4 6 10 5 6 11
(Runway < 5,000 feet) B 4 6 10 5 6 11
C 3 6 9 4 6 10
v A 4 6 10 5 6 11
(Runway > 5,000 feet) B 4 6 10 5 6 11
C 3 6 9 4 6 10
v A 4 6 10 5 6 11
(Runway > 9,000 feet) B 4 6 10 5 6 11
C 3 6 9 4 6 10
\Y B 2 6 8 3 6 9

' Florida limerock and graded crushed aggregate (80 CBR) permitted.
Conversion Factor: Millimeters = 25.4 x inches

Table 8-4
Minimum Flexible Pavement Surface and Aggregate Base-Course Thickness Requirements for
Navy and Marine Corps Flexible Pavement Airfields

Tire Pressure Minimum Thicknesses, mm (in.)

Aircraft Gross Weight kg (kips)

MPa (psi) Surface Base' Total
< 5,440 (<12) All pressures 50 (2) 152 (6) 203 (8)
5,440 to 13,600 (12 to 30) <1.38 (200) 76 (3) 152 (6) 228 (9)
5,440 to 13,600 (12 to 30) 1.38 (200)

or greater 102 (4) 203 (8) 305 (12)
>13,600 (>30) All pressures 102 (4) 203 (8) 305 (12)

' Unbound or stabilized.
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Table 8-5
Minimum Surface and Aggregate Base-Course Thickness Requirements for Air Force Flexible
Pavement Airfields, Inches

100 CBR Base 80 CBR Base'?3
Airfield Type  Traffic Area Surface Base Total Surface Base Total
Light load A 4 6 10 5 6 11
B 4 6 10 5 6 11
C 3 6 9 4 6 10
Shoulders 2 6 8 2 6 8
Mediumload A 4 6 10 5 6 11
B 4 6 10 5 6 11
C 3 6 9 4 6 10
D 3 6 9 3 6 9
Shoulders 2 6 8 2 6 8
Heavy load A 5 10 15 6 9 15
B 5 9 14 6 8 14
C 4 9 13 5 8 13
D 3 6 9 3 6 9
Shoulders 2 6 8 2 6 8
Modified A 5 8 13 6 8 14
heavy load B 5 8 13 6 8 14
C 4 8 12 5 8 13
D 3 6 9 3 6 9
Shoulders 2 6 8 2 6 8
Shortfield A 4 6 10 5 6 11
Auxiliary A 3 6 9 3 6 9
B 3 6 9 3 6 9
C 3 6 9 3 6 9
Shoulders 2 6 8 2 6 8

Note: When the underlying subbase has a design CBR of 80, the minimum base-course thickness will
be 6 inches.

' Restricted to Florida limerock for heavy load pavements and modified heavy load pavements except
that graded crushed aggregate (80 CBR) or cement modified or bituminous modified aggregate will be
permitted in type D traffic areas.

2 Florida limerock or graded crushed aggregate (80 CBR) cement modified or bituminous modified
aggregates permitted in type B, C, and D traffic areas for medium load pavements.

% Florida limerock or graded crushed aggregate (80 CBR), cement modified or bituminous modified
permitted for light load, shortfield, and auxiliary pavements.

Conversion Factor: Millimeters = 25.4 x inches.
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8.  MINIMUM THICKNESS REQUIREMENTS FOR RIGID PAVEMENTS.

a. Army and Air Force. The minimum thickness of aggregate base course under rigid pavements
will be 100 millimeters (4.0 inches) over CH, CL, MH, ML, and OH subgrades or that required to meet
minimum thicknesses for drainage layers as shown in El 02C202/AFJMAN 32-1016.

b. Navy and Marine Corps. The minimum thickness requirements for aggregate base courses are
listed in Table 8-6. The minimum thickness for granular materials is set for construction purposes. The
additional base thickness required over clays and silts is to aid in preventing pumping. Consider
experience with local aggregates and materials when selecting the base course thickness.

Table 8-6
Aggregate Base-Course Minimum Thickness Requirements for Navy and Marine Corps Rigid
Pavements

Base Material Minimum Thickness
Granular Material 152 mm (6 in.)
Cement Stabilized 152 mm (6 in.)
Asphalt Stabilized 152 mm (6 in.)
Asphalt Concrete 102 mm (4 in.)
Lean Concrete Mixture 102 mm (4 in.)

Note: For subgrades classified as CH, CL, MH, ML, or OL, the minimum granular base-course
thickness shall be 203 mm (8 in.).

9. COMPACTION AND PROOF ROLLING REQUIREMENTS FOR FLEXIBLE PAVEMENTS. The
aggregate base course will be compacted to 100 percent of ASTM D 1557 maximum density. In addition
to compacting the base course to the required density, proof rolling shall be performed on the surface of
completed aggregate base courses as designated below. Open-graded and rapid-draining layers will
not be proof rolled. The layer immediately under lying the open-graded or rapid-draining layer shall be
proof rolled instead. The proof roller will consist of a heavy rubber-tired roller having four tires, each
loaded to 13,608 kilograms (30,000 pounds) and inflated to 720 kPa (125 psi). Repetitions of the proof
roller are expressed as coverages where a coverage is the application of one tire print over each point
on the surface of the designated area. TM 5-820-2/AFJMAN 32-1016 presents special proof rolling and
compaction requirements for drainage layers.

a. Air Force Bases. Proof roll top of subbase and each layer of base course of type A traffic areas
and the center 23 meters (75 feet) of heavy, modified heavy, and medium load runways with
30 coverages.

b. Navy and Marine Corps Airfields. Proof roll top of completed aggregate base course on center

12 meters (40 feet) of taxiways and on center 30.5 meters (100 feet) of runways with eight coverages.
To all other paved areas exclusive of runway overrun and blast protection areas, apply four coverages.
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c. Army Airfields. On Class IV airfields with runways greater than 1,525 meters (5,000 feet), proof
roll top of subbase and each layer of crushed aggregate base course in type A traffic areas and center
23 meters (75 feet) of runways with 30 coverages.

10. COMPACTION REQUIREMENTS FOR ARMY AND AIR FORCE RIGID PAVEMENT AGGREGATE
BASE COURSES. High densities are essential to keep future consolidation to a minimum, but thin
aggregate base courses placed on yielding subgrades are difficult to compact to high densities.
Therefore, the design density in the aggregate base-course materials should be the maximum that can
be obtained by practical compaction procedures in the field but not less than:

a. 95 percent of ASTM D 1557 maximum density for aggregate base courses less than
254 millimeters (10 inches) thick.

b. 100 percent of ASTM D 1557 maximum density in the top 152 millimeters (6 inches) and
95 percent of ASTM D 1557 maximum density for the remaining thickness for aggregate base courses
254 millimeters (10 inches) or more in thickness.

11. COMPACTION REQUIREMENTS FOR NAVY AND MARINE CORPS RIGID PAVEMENT
AGGREGATE BASE COURSES. Compact granular and cement-treated base courses to 100 percent of
maximum density according to ASTM D 1557 and D 558, respectively. Compact asphaltic concrete
base courses to 97 percent of the maximum density as determined from the Marshall mix design
method.
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CHAPTER 9

PAVEMENT MATERIALS

1.  GENERAL. This chapter provides the designer an overview of pavement materials that might be
used in military airfield pavements. This overview will include soil and aggregate stabilization, asphaltic
concrete, portland cement concrete, and recycled materials. More comprehensive and detailed
descriptions, policy, and guidance on uses and limitations, testing requirements, suitable materials,
mixture proportioning, and construction can be found in TM 5-822-14/AFJMAN 32-1019 for stabilization,
TI 822-08/AFMAN 32-1131 V8(1)/DM 21.11 for asphalt concrete, and TM 5-822-7/AFM 88-6, Chapter 8,
for portland cement concrete. In addition, each service also maintains recommended guide
specifications for these materials that the engineer can edit for specific jobs. Materials technology
evolves constantly, and new guidance on pavements materials is available from HQUSACE (CEMP-ET),
appropriate Air Force MAJCOM pavements engineer, or Naval Facilities Engineering Service Center as
changes develop. This chapter is a short overview to aid the designer during the design process, and
the more comprehensive guidance documents noted above should be consulted concerning each
service’s specific limitations and requirements for these materials and for preparing individual project
specifications.

2. STABILIZATION. . Existing soils or aggregates may not be suitable for use in airfield construction
(e.g., poor grading, low strength, or excessive plasticity) or may have other undesirable characteristics
(e.g., tendency to shrink or swell with moisture content changes). By stabilizing such materials with
appropriate additives, their engineering and construction properties can be improved. Lime, portland
cement, and asphalt are the most common stabilizers, but pozzolans (notably fly ash), ground
granulated blast furnace slag, and a wide variety of proprietary materials are also available. TM 5-822-
14/AFJMAN 32-1019 provides official guidance on use of lime, portland cement, lime-fly ash, and
bituminous materials for stabilization. HQUSACE (CEMP-ET), appropriate Air Force MAJCOM
pavements engineer, or Naval Facilities Engineering Service Center should be consulted for assistance
on use of other stabilizers and conditions not covered in the existing guidance.

a. Purpose. Stabilization is most commonly associated with achieving strength to reduce
pavement thickness requirements. However, other equally important and perhaps even more important
uses of stabilization include improvement in soil workability, prevention of pumping in rigid pavements,
mitigation of adverse volume changes in expansive soils, providing a construction platform to ease and
speed construction operations, reduction of effects of adverse weather during construction, and allowing
use of an economical local material that fails conventional specifications in lieu of importing more
expensive materials from elsewhere.

b. Requirements. Subsequent chapters in this manual provide detailed guidance on how to
incorporate stabilized materials in each of the different thickness design methods for flexible and rigid
pavements. To qualify for a reduced thickness in these design methods, the stabilized material must
achieve a compressive strength of not less than 5.17 MPa (750 psi) for base courses in flexible
pavements, 3.45 MPa (500) psi for base courses in rigid pavements, and 1.72 MPa (250) psi for flexible
pavement subbases for the Army and Air Force or 1.03 MPa (150 psi) for subbases for the Navy. These
strengths are determined after 7 days of curing at 22.8 °C (73 °F) for portland cement and after 28 days
of curing at 22.8 °C (73 °F) for lime, slag, and combinations with pozzolanic materials (e.g., lime-fly ash
mixtures). In addition to strength, there are specific requirements for durability and material properties
that must also be met. Even if a material fails to qualify for the reduced pavement thickness
requirements, stabilization may prove desirable for some of the other reasons noted above. If
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stabilization results in granular layers sandwiched between relatively impervious layers (e.g., granular
base course between an asphalt concrete surface and a stabilized subbase), then this pervious
intermediate layer should be positively drained. Because of the potential for poor performance of such
geometries, such designs must be approved before use by HQUSACE (CEMP-ET), appropriate Air
Force MAJCOM pavements engineer, or Naval Facilities Engineering Service Center.

c. Terminology. The term “stabilization” as used in this chapter will encompass the addition of any
materials to a soil or aggregate to improve its strength or physical characteristics for use as pavement
subgrade, fill, subbase, or base course. As employed here, the term will include combinations with
common additives such as lime and portland cement or lime-portland cement-fly ash as well as those
materials often referred to as soil-cement, lean concrete base, econocrete, etc. TM 5-822-14/AFJMAN
32-1019 differentiates between soil stabilization and soil modification where the later only results in an
improvement in some property but does not by design cause a significant increase in strength. This
level of differentiation is not needed for the generalized discussion of the topic in this chapter, so
stabilization is used here as an all-inclusive term.

d. Seasonal Frost Areas. Use of stabilized materials in areas subject to seasonal frost must
address two extra concerns. First, the stabilized material must be durable for its intended purpose under
the freezing and thawing exposure to which it will be exposed. Secondly, many stabilizers (e.g., portland
cement or lime) must cure to gain strength, and the necessary chemical reactions to gain strength are
greatly retarded and may cease altogether at low temperatures. Consequently, some stabilized
materials placed late in the fall may not be able to gain adequate strength prior to the onset of freezing
weather. Consequently, local climatic conditions will determine a cutoff date well in advance of
anticipated freezing conditions after which date it is not prudent to place stabilized materials. Additional
assistance on problems with stabilized materials under seasonal frost exposure is available from the
Army Cold Regions Research and Engineering Laboratory, 72 Lyme Road, Hanover, NH 03755.

e. Combinations of Stabilizers. Under some circumstances, it may be desirable to use
combinations of stabilizers to take advantage of each stabilizer’s characteristics (e.g., use of a
combination of lime and then portland cement relying on the lime to improve a plastic clay’s workability
and the portland cement for more rapid strength gain than available from the slower pozzolanic reactions
of lime alone).

f. Mixing. The stabilizer and soil or aggregate to be stabilized may be mixed in situ or mixed at a
central plant and then transported to the construction site and placed according to the project
specifications. Proper mixing is crucial to stabilizers achieving their desired purpose. Central plants
provide the best and most consistent product. In situ mixing may vary from repeated working with a
grader to highly sophisticated mixers specifically designed for the task. It is harder to achieve good
distribution and mixing of the stabilizer with in situ mixing techniques than with plant mixing.
Consequently, stabilizer contents are sometimes increased 'z to 1 percent over the laboratory
determined design stabilizer content to account for uncertainties of in situ mixing.

g. Compaction. Stabilized materials must be adequately compacted to achieve their desired
purpose. Stabilization is not a substitute for compaction, and poorly compacted stabilized layers are
prone to premature failure. Essentially, the compaction equipment and procedures and the quality-
control techniques used with conventional earthwork are adequate for stabilized materials. Compaction
equipment of sufficient size is needed, and lift thicknesses should be restricted to a maximum of
150 millimeters (6 inches) unless the contractor can demonstrate in the field that project specified
density levels are achieved throughout the lift for thicker placements. To check the latter, the density
must be measured in the bottom of the lift and not just at the surface or as an average through the entire
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lift. Generally, stabilized layers used in subbase and base courses of military airfields should be
compacted to 100 percent of the laboratory modified compaction-energy density. TM 5-822-14/AFJMAN
32-1019 provides more comprehensive guidance on requirements for laboratory compaction and testing
procedures to be used with different stabilized materials. Addition of the stabilizer changes the
laboratory compaction characteristics of the soil or aggregates, and the trends are not always
predictable. For example, increasing the percent of portland cement used to stabilize a soil may either
shift the laboratory compaction curve up and to the left (i.e., increase maximum density and decrease
optimum moisture content) or down and to the right (i.e., decrease maximum density and increase
optimum moisture content). On the other hand, increasing lime contents decrease the laboratory
maximum density and increase the optimum moisture content for compaction. If field stabilizer contents
are increased for in situ mixing as noted in the previous paragraph, this may affect the laboratory
maximum density value that the contractor is required to meet in the field, and assessment of the
contractor’s field compaction must take this into account. For instance, if the lime content is increased in
the field over that used in the laboratory, the contractor may encounter problems achieving the specified
density because the actual laboratory target density was decreased by the additional lime. When these
complex soil-stabilizer interactions are combined with field variation from distribution and mixing of the
stabilizer, fairly assessing the contractor's compaction efforts may become difficult. In circumstances
where stabilizer contents are being increased in the field, supplemental one-point compaction tests of
the in situ stabilized materials may prove helpful for assessing compaction compliance. HQUSACE
(CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or the Naval Facilities Engineering
Service Center may be consulted for assistance with difficult cases.

h. Curing. In the subsequent sections, curing requirements are identified for many stabilizers. It is
crucial that this curing take place adequately for the stabilizer to achieve the desired results. Generally,
this means that temperatures must be high enough for the desired chemical reactions to occur, and
moisture must be maintained within the material and evaporation stopped or at least severely retarded.
Inadequate curing can negate the benefits of stabilization.

i. Testing. Tight financial restraints on military construction today often discourage adequate
testing. However, when working with stabilized materials, it is important to verify in the laboratory that
the proposed stabilization scheme will achieve the desired results. For instance, it is not sufficient to
simply select a suggested lime content for stabilizing a clay because the soils/clay mineralogy or the
presence of organic or some iron compounds in the soil may totally change or inhibit the chemical
reactions that occur. It is always prudent to perform sufficient laboratory work to verify that the
percentages of stabilizer, stabilizer type, and actual soil or aggregate will achieve the desired results
when they are mixed, compacted, and cured.

j- Lime Stabilization. Hydrated lime (Ca (OH),), quick lime (CaO), or the dolomitic variants of these
limes are suitable for lime stabilization of soils. Requirements for the limes for soil stabilization are
contained in ASTM C 977. Calcium carbonate (CaCO,) is often sold under names such as agricultural
lime and is not suitable for soil stabilization.

(1) Mechanisms. Several things happen when lime is added to a soil. As the lime hydrates, it
dries the soil. Anhydrous quicklime is particularly effective for this. Some fine clay-sized soil particles
agglomerate when lime is added to the soil which results in a decrease in the measured number of clay-
sized soil particles. Essentially, a clayey soil fabric becomes siltier, and the soil is easier to work, dry,
etc. Also, cation exchange occurs, and the calcium from the lime replaces sodium and potassium in clay
minerals. This results in a reduction in plasticity of the soil. The above reactions (drying, particle
agglomeration, and cation exchange) occur rapidly after the lime is added to the soil. With time, some,
but not all, clays may undergo a further pozzolanic reaction with the lime and develop additional strength
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from the resulting calcium silicate and calcium aluminate hydrate compounds. Soil compressive strength
gain, after 28-day cures at 22.8 °C (73 °F) from the pozzolanic reaction between lime and some clay
minerals may range from negligible to 10.34 MPa (1,500 psi). Typically, a well-compacted, reactive
lime-stabilized soil will achieve compressive strengths in the range of 100 to 500 psi.

(2) Uses. Lime added to soil can rapidly dry the soil; it coarsens the particle texture which
often makes the soil easier to work; and it reduces the soil’s plasticity, making it more workable,
generally reducing the soil’s strength loss when it is wetted, and often reducing adverse shrinking and
swelling behavior. The pozzolanic strength gain, which is typically assessed after 28 days of curing at
22.8 °C (73 °F), can significantly improve soil strength of subgrades and can often meet the strength
requirements for a stabilized subbase for flexible pavements. The requirements for stabilized bases are
harder to meet with lime alone, and the addition of cement with the lime may be needed to gain the
required strength. Many characteristics of lime stabilization make it very useful as a construction
expedient and soil improvement additive for difficult plastic clay soils (e.g., drying, coarser texture,
reduced plasticity and water susceptibility, construction platform, reduced shrink-swell behavior) rather
than for structural strength alone.

(3) Durability. Lime stabilization should provide sufficient durability to accomplish the required
objectives under the anticipated exposure conditions.

(a) Moisture. Lime-stabilized soils generally retain over two-thirds of their strength when
exposed to water and have performed well in structures exposed to water (e.g., levees, canals, and
dams and as expedient (lime-stabilized clay surface) military airfields in Latin America). However, a few
clays have shown poor strength retention when soaked in the laboratory. Consequently, some soaked
strength tests or the optional wet-dry test (ASTM D 560) limits in TM 5-822-14/AFJMAN 32-1019 may be
checked if strength when exposed to soaking or wetting and drying is a critical design parameter.

(b) Seasonal frost exposure. Lime-stabilized materials generally expand and lose
strength when exposed to freezing and thawing. As cycles of freezing and thawing increase there is a
progressive decrease in the strength of the lime-stabilized material. Generally, the first winter is the
critical exposure as extended curing in subsequent seasons will provide additional strength, and there
are data to suggest these materials may heal autogenously under favorable curing temperatures. TM 5-
822-14/AFJMAN 32-1019 has specific testing criteria and limits based on ASTM D 560 that must be met
if the lime-stabilized material is to be exposed to freezing and thawing. Because of the relatively slow
rate of pozzolanic strength gain in lime stabilization, adequate time for curing must be allowed prior to
the stabilized layer’s being exposed to freezing. Consequently, the lime-stabilized material must be in
place well in advance (e.g., perhaps 30 days) prior to the onset of freezing weather which shortens the
construction season for some areas. Alternatively, it must be protected from freezing (e.g., by placement
of overlying pavement layers), and the temperature maintained high enough to allow pozzolanic
reactions to occur. Additional assistance on problems with lime-stabilized materials under seasonal frost
exposure is available from the Army Cold Regions Research and Engineering Laboratory, 72 Lyme
Road, Hanover, NH 03755.

(c) Leaching. There is some limited evidence that soils stabilized with low levels of lime
may have the benefits of lime stabilization reduced by leaching over time. The problem appears to be
relatively rare and generally associated with low levels of lime stabilization (e.g., 3 percent and less). In
general, this should not be an issue for lime stabilization levels for airfield pavements as their strength
and durability requirements would normally require lime contents above those where leaching has been
a reported problem.
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(d) Carbonation. Atmospheric carbon dioxide can react with lime to form calcium
carbonate which can adversely affect lime-stabilization reactions. Proper and prompt mixing, storage,
compaction, and curing procedures that minimize the exposure of the lime-stabilized soil to atmospheric
carbon dioxide avoids the problem. Reported problems have been with highly weathered materials in
Africa that were poorly compacted and cured.

(e) Sulfate attack. Lime-stabilized materials are susceptible to sulfate attack if sulfates
are present in the soil or water in contact with the stabilized material or if they are present in materials
that are being stabilized. The sulfate attack reactions are expansive and highly disruptive. Technical
guidance on this problem is incomplete. If lime stabilization is contemplated where sulfates are present,
the HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or Naval Facilities
Engineering Service Center should be consulted for up-to-date guidance on this difficult issue.

(4) Suitable Soils. Clayey soils with a plasticity index of 12 or more are generally best suited for
lime stabilization. Organic soils and clays containing some iron compounds do not respond well to lime
stabilization, and some highly weathered soils may require a larger than expected dosage of lime
stabilizer to be effective.

k. Portland-Cement Stabilization. Type | portland cement and, more rarely, Types Il, I/ll, and ll|
meeting the requirements of ASTM C 150 may be mixed with soils or aggregates to provide a cohesive
cemented material often referred to as soil-cement, econocrete, lean concrete base, etc.

(1) Mechanisms. When mixed with water, portland cement develops cementing compounds
that bind the soil and aggregate particles together. Unlike lime, there is no necessary chemical reaction
with the soil particles themselves. Portland cement contains free lime as one of its constituents so the
same cation exchange and pozzolanic reactions with clayey soils will occur with portland cement, but
these are minor effects compared with the dominant formation of the conventional portland-cement
hydration compounds that serve to bind the particles together.

(2) Uses. Portland-cement stabilization can provide a material with compressive strengths
from a few MPa (few hundred) to well over ten MPa (several thousand psi), depending on amount of
stabilizer and soil properties. These higher-strength stabilized materials are often referred to as
econocrete, lean concrete, etc. with cement contents in the range of 134 to 223 kg/m? (225 to 375
Ib/yd®). Such high cement content and high-quality stabilized mixes are usually proportioned and placed
with the same techniques as conventional concrete. In general, cement stabilization of fine-grained soils
provides a lower strength than cement stabilization of coarse-grained soils. The reactions of portland
cement are faster than pozzolanic stabilizers such as lime. A major drawback for cement stabilization is
the formation of shrinkage cracks which can reflect up through surfacing layers. This is usually a severe
problem with cement-stabilized bases under asphaltic concrete surfaces, but it has also occurred with
concrete surfaces placed directly on high-strength cement-stabilized layers. To minimize problems with
reflective cracking, the Air Force limits the allowable content of portland cement in stabilized bases in
flexible pavements to a 4-percent maximum. A double application of curing compound is often sprayed
on cement-stabilized bases to reduce the chance of reflective cracking in overlying portland-cement
concrete surfaces in rigid pavements. Portland-cement stabilization is most often used for a relatively
high-strength layer that may provide a construction platform, an all-weather construction surface, or a
significant structural layer within the pavement. It is also probably the most expensive of the common
soil stabilizers. Materials stabilized with portland cement should be placed and compacted within
2 hours of the mix water coming into contact with the cement.
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(3) Durability.

(a) Seasonal frost exposure. Cycles of freezing and thawing can damage cement-
stabilized materials so TM 5-822-14/AFJMAN 32-1019 has specific testing criteria and limits based on
ASTM D 560 that must be met if the cement-stabilized material is to be exposed to freezing and thawing.
Adequate curing time in the field must also be available prior to the onset of freezing. Additional
assistance on problems with cement-stabilized materials under seasonal frost exposure is available from
the Army Cold Regions Research and Engineering Laboratory, 72 Lyme Road, Hanover, NH 03755.

(b) Carbonation. As with lime, atmospheric carbon dioxide can react with portland cement
to form calcium carbonate which can adversely affect portland cement-stabilization reaction products.
Proper and prompt mixing, compaction, and curing procedures that minimize the exposure of the
stabilized soil to atmospheric carbon dioxide avoid the problem. Reported problems have been with
highly weathered materials in Africa that were poorly compacted and cured.

(c) Sulfate attack. Cement-stabilized materials are susceptible to sulfate attack if sulfates
are present in the soil or water in contact with the stabilized material or if sulfates are present in
materials that are being stabilized. The sulfate attack reactions are expansive and highly disruptive. If
the soils or aggregates being stabilized contain clay minerals, sulfate resistant cements (Type Il and V)
will not prevent sulfate attack. If cement-stabilization is contemplated where sulfates are present, the
HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or Naval Facilities
Engineering Service Center should be consulted for up-to-date guidance on this issue.

(4) Suitable Soils. The most economical materials for cement stabilization will generally be
well-graded sandy gravels or gravelly sands with a spectrum of particle sizes. Fine materials, coarse
materials, or poorly-graded materials will often require uneconomically high cement contents to achieve
adequate stabilization. Sticky materials such as CH clays may be difficult or impossible to mix
adequately with the cement stabilizer. Organic soils and some acidic sands respond poorly to cement
stabilization.

I. Pozzolan and Slag Stabilization. ASTM C 618 classifies pozzolans as Type N (natural
pozzolans), Type C (high-lime-content fly ash, a byproduct of burning lignite or subbituminous coal), or
Type F (low-lime-content fly ash, a by product of burning bituminous or anthracite coal). These materials
are not normally cementitious by themselves, but when combined with calcium hydroxide (lime), they will
form cementitious, pozzolanic bonds. Granulated blast furnace slag is a by-product of iron production
which can be ground to produce a slag cement. ASTM C 989 provides requirements and grade
classifications for this material. Neither material has been used extensively as a stabilizer by the
military, but their use is expanding in the construction industry. TM 5-822-14/AFJMAN 32-1019 provides
guidance on fly ash (the most commonly available pozzolan) stabilization. Slag is not addressed in the
manual, and HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or Naval
Facilities Engineering Service Center should be consulted for current guidance on use of this material in
military construction.

(1) Mechanisms. Pozzolans and ground granulated blast furnace (GGBF) slag react with
hydroxides to form cementitious bonds. Lime or occasionally portland cement are mixed with these
materials to provide the hydroxide activator. Some Class C fly ashes contain sufficient free lime (calcium
hydroxide) to be self-cementing, but the military has no experience at present using these materials as a
stabilizer without the addition of lime or portland cement. Properly cured lime-fly ash mixes often have
compressive strengths of 3.45 to 6.89 MPa (500 to 1,000 psi) with appreciably higher long-term
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strengths. If more rapid strength gain is needed, addition of 0.5 to 1.5 percent portland cement can be
used as an activator for the fly ash and as contributor to early-age strength.

(2) Uses. Pozzolans and slags gain strength more slowly than portland cement, but are more
economical, have less shrinkage and shrinkage cracking, and longer working times than portland
cement. Typical fly ash-stabilized mixes will use 2-1/2 to 4 percent lime with 10 to 30 percent fly ash.
Coarser soils and aggregates require less stabilizer than fine-grained soils. Some slag mixes used
overseas have 8 to 20 percent GGBF slag mixed with 1 percent lime.

(3) Durability. Because of the slower strength gain of these materials, it is crucial that sufficient
time be allowed between their placement and the onset of freezing weather. These chemical reactions
almost cease below 4.4 °C (40 °F) so this curing period must include moderate temperatures to assure
adequate curing of these materials. They can be vulnerable to freezing and thawing damage, so TM 5-
822-14/AFJMAN 32-1019 requires laboratory freeze-thaw testing after 28 days curing. Additional
assistance on problems with lime-pozzolan or slag-stabilized materials under seasonal frost exposure is
available from the Army Cold Regions Research and Engineering Laboratory, 72 Lyme Road, Hanover,
NH 03755.

(4) Suitable Soils. Granular materials are effectively stabilized with these materials. Because
of their relative economy compared to portland cement, they are particularly effective with poorly graded
materials where they can effectively function as a filler more efficiently than the more expensive portland
cement. Many clays are naturally pozzolanic so there is little value in adding another pozzolanic
material like fly ash. These are usually best handled with lime alone. However, for clays that do not
develop pozzolanic reactions with lime or for silty materials that do not contain sufficient clay minerals to
react with lime, pozzolanic and slag stabilizers offer an economical and effective alternative to portland
cement.

m. Bituminous Stabilization. Asphalt cement (AASHTO PP6, ASTM D 3381, or ASTM D 946),
emulsified asphalt (asphalt emulsified with water, ASTM D 977 and D2397), or cutback asphalt (asphalt
dissolved in a solvent, D 2026, 2027, and 2028) may be mixed with a soil or aggregate to provide a
water resistant, cohesive stabilized material. The mix design for bituminous stabilized materials in a
military airfield subbase or base course will be done using a conventional Marshall mix design. Binder
contents for subgrade stabilization are often estimated on the basis of empirical equations and then
adjusted during construction in the field to achieve the desired results. TM 5-822-14/AFJMAN 32-1019
provides detailed guidance on bituminous stabilization requirements and procedures.

(1) Mechanisms. Asphalt coats the soil and aggregate particles being stabilized and binds it
into a water-resistant, cohesive material. Both strength and waterproofing are provided. No chemical
reactions are involved. Asphalt-cement stabilization requires no curing other than cooling. Liquid
asphalts require different amounts of curing depending on the emulsifying agent or solvent used and the
atmospheric conditions. The emulsion must break and the water must either evaporate or drain off for
the emulsified asphalt to be effective. Similarly, the solvent in cutback asphalts must evaporate.
Premature compaction of liquid-asphalt stabilized materials before adequate water or solvent
evaporation may cause very slow curing and leave the stabilized material too soft. The asphalt droplets
in an emulsified asphalt may have either a negative electric charge (anionic emulsion) or a positive
electric charge (cationic emulsion) that can be matched to the aggregate charge (e.g., an anionic
emulsion (negatively charged droplets) used with limestone aggregate (positive charge)).

(2) Uses. Asphalt stabilization provides cohesion to bind individual particles into a mass and
can provide significant waterproofing. Asphalt cements are generally mixed with a higher quality
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aggregate at an asphalt plant to produce a structural quality subbase or base course stabilized material.
The liquid asphalts (emulsified and cutback asphalts) may be plant mixed but are often in situ mixed for
less severe loading such as in the subgrade or the subbase or for lighter load applications. As a general
rule, the local paving grade asphalt cement will be appropriate for the binder for asphalt-cement
stabilization. For liquid asphalts, the highest possible viscosity liquid asphalt that can be handled in the
field and mixed with the soil or aggregate being stabilized should be used.

(3) Durability. Water may displace asphalt particles on a soil or aggregate particle in a process
known as stripping. Some aggregates have a strong affinity for water and tend to be particularly difficult
to coat with asphalt. They are prone to stripping and may prove impossible to coat with liquid asphailt.
Additions of lime or liquid antistrip agents or changing the charge of an emulsified asphalt may help
combat these problems. Potential moisture problems and effective countermeasures should be a
fundamental part of a bituminous stabilization laboratory evaluation and mix design.

(4) Suitable Soils. Bituminous stabilization is most effective with granular materials as excess
fines or plastic fines may make it impossible to properly mix the materials and require high binder
contents. As the plasticity index increases past 6 and the fines (percent passing the No. 200 sieve)
increases above 12 percent, problems with bituminous stabilization increase. In general, the plasticity
index should be below 10 and the fines should be less than 30 percent. As the plasticity and percent
fines increase, liquid asphalt become better stabilizing agents than asphalt cement. The plasticity of a
material to be stabilized can be reduced by adding lime.

n. Nontraditional Stabilizers. A wide variety of special, and often proprietary, stabilizers are
actively marketed. These materials have seen very little use or testing by the military, and no guidance
is currently available. Many, but not all, proprietary stabilizers that have been evaluated by the military
have not lived up to the manufacturer’s claims, and no proprietary stabilizer should be used on a military
airfield without first evaluating it in the laboratory and in independent field trials. HQUSACE (CEMP-ET),
appropriate Air Force MAJCOM pavements engineer, or Naval Facilities Engineering Service Center
should be consulted prior to using any of these nontraditional stabilizers.

(1) Types: Nontraditional stabilizers include a wide variety of acids, salts, electrolytes (often a
sulfonated oil), polymers, enzymes, natural resins, cation exchange agents, lignins, and polymers
among others. Claimed benefits include strength gain, reduced water susceptibility, improved
compaction, reduced dusting, reduced plasticity, and better soil texture.

(2) Evaluation. The claimed benefit of any stabilizer should be evaluated quantitatively so that
the cost-effectiveness of including the material on a specific project can be determined. It is important to
identify what soil property is being changed by the stabilizer and develop a quantitative scheme for
evaluating this property. For example, electrolytes reduce a clay mineral’s ability to hold water so they
have a potential role in dealing with expansive soils. A swelling test with and without the stabilizer is
appropriate to evaluate this stabilizer’s effectiveness, whereas a strength test would provide no
information on the electrolyte’s effectiveness. Experience with some of these materials has found that
often the amount of the stabilizer needed is higher than the manufacturer’'s suggested dosage.

3. PORTLAND-CEMENT CONCRETE. Portland-cement concrete is the surfacing for rigid pavement.
It carries load through bending and is the major structural component for supporting load. Unreinforced
concrete is generally the most serviceable and cost-effective surfacing for military airfields and will be
used in most circumstances.

9-8



UFC 3-260-02
30 June 2001

a. Reinforcing. Reinforcement may be added to concrete pavement to accomplish specific
purposes, but reinforcing is the exception rather than the rule for military airfield pavements. Reinforcing
concrete pavements usually adds cost and complicates construction so it is used only where its added
value balances these negative factors. Conventional reinforcing steel is added to keep cracks tightly
closed and to slow deterioration of the cracks. Therefore, it is useful wherever cracking cannot be
avoided (e.g., odd-shaped slabs, extra-large slabs, etc.). Because reinforcing slows the deterioration of
cracks, a relatively small empirical reduction in pavement design thickness is allowed by the material for
reinforcing up to 0.5 percent. Continuously reinforced concrete pavements use much more steel (0.6
percent and more) which added to resist deterioration in cracks developed from environmental stresses.
The steel is continuous, and the pavement has no joints. It provides a joint-free, smooth pavement, but
repairs to these pavements are often difficult. Fiber reinforcing products are actively marketed. Steel
fibers can significantly reduce the required pavement thickness, but there are concerns that the fibers
pose a foreign object damage (FOD) on military airfields with current finishing techniques. Plastic fibers
are of no particular value for military airfields. Their primary advantage for conventional concrete
appears at present to be resistance to plastic shrinkage cracking, but proper construction and curing
should handle this concern without adding plastic fibers at additional expense to the military. As noted
later, these fibers have been found useful in concrete exposed to exhaust from vertical and short take off
aircraft like the Harrier. Prestressed pavements are very efficient and produce the most structural
capacity for any given cross section of concrete pavement. The design and construction of prestressed
pavement is more sophisticated than conventional pavements, but prestressing construction technology
has been evolving and is more cost-effective today than in past years. More details on these various
reinforced pavements and their design is provided in subsequent chapters.

b. Constituents. Portland-cement concrete is composed of portland cement, aggregates, water,
and various additives. Portland cement must meet the requirements of ASTM C 150, and the various
types of portland cement are described in Table 9.1. Type | cement will be the most common cement,
although Type Il, Type I/ll, and more seldom Type V may be used in areas with sulfate exposures. Type
[l cement might be encountered where its rapid strength gain is necessary or in cold weather concreting
where its higher heat of hydration is useful. Cements may be specified to be low alkali when problems
with alkali-aggregate reactions are anticipated, but such cements may not always be readily available
and may be expensive. Addition of fly ash is very common in modern concretes, and the addition of
ground granulated blast furnace slags is beginning to be used more often. Both may be used as
economical partial replacements for portland cement in the concrete mixture and can be used to provide
other desirable characteristics such as enhanced workability, lower permeability, sulfate resistance,
protection against alkali-aggregate reaction, etc. Aggregate quality requirements in TM 5-822-7/AFM
88-6, Chapter 8, for military airfield pavements are appreciably tighter than those used in ASTM C 33
which is the most commonly specified concrete aggregate requirement for the concrete industry. The
tighter requirements reflect the military’s concern over potential FOD hazards to aircraft on airfield
pavements. These tighter restriction were adopted by the military in the 1950's after severe problems
with popouts developed on new airfield pavements at Selfridge AFB. Air entrainment is crucial for
protecting the concrete matrix against damage from freezing and thawing and will be used in all military
airfield pavements unless clearance not to do so is first obtained from the HQUSACE (CEMP-ET),
appropriate Air Force MAJCOM pavements engineer, or Naval Facilities Engineering Service Center.
Air entrainment causes some loss in strength, but it also enhances workability. Therefore, proper
mixture proportioning can use this enhanced workability to reduce the water-cement ratio and thereby
negate the strength loss from air entrainment. The proper dosage of air-entraining admixture to achieve
the targeted air content is affected by factors such as the amount of carbon (measured as loss on
ignition) in fly ash or the temperature. Therefore, all air entrainment for military airfield concrete will be
provided by liquid admixtures added at the plant. This allows the dosage to be adjusted to reflect
specific mixture characteristics and environmental fluctuations at the project site. Air entraining
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admixtures that are interground with the cement and designated as Type IA, Type lIA, etc. are not
suitable for this use as they do not provide the flexibility of adjusting admixture dosage to reflect
changing mixture and site conditions. A number of other admixtures besides those for air-entrainment
are available to accomplish specific tasks (primarily retarders, accelerators, and those for enhanced
workability at a given water-cement ratio). Use of these is generally at the discretion of the engineer
doing the mixture proportioning for a specific project or of the contractor who must deal with a specific
site problem. The engineer responsible for the mixture proportioning is responsible for selection of
admixtures and concrete materials that are compatible and cause no adverse interactions. If the
contractor elects to use an admixture ( e.g., a retarder because of lengthy haul times), then he or she is
responsible for selecting an admixture compatible with the concrete mixture and which has no adverse
effect on the fresh or hardened concrete mixture.

c. Special Air Force Requirement. During the 1980s and 1990s, newly placed concrete airfield
pavement on Air Force bases had widespread problems with excessive spalling derived primarily from
construction related problems, part of which sprung from the common use of concrete mixtures with poor
workability. To partially address these problems, the Air Force now requires a well-graded concrete
aggregate be used for all their airfield pavements with specific limitations depending on anticipated
placement methods (i.e., slipform, with form-riding equipment, or by hand). Specific requirements and
details are contained in the Air Force Concrete Mix Design Handbook and will be conformed to for all Air
Force pavements unless a waiver is obtained from the Air Force MAJCOM pavements engineer.

d. Durability. Properly proportioned and placed, portland-cement concrete is a highly durable
material. Protection against freezing and thawing is achieved by ensuring adequate strength gain before
the concrete is first allowed to freeze (crucial issue in cold-weather concreting), using aggregates that
are resistant to freezing effects (avoiding aggregates that are prone to produce popouts and D-cracking),
and providing adequate air entrainment to protect the concrete matrix. Special precautions are needed
when concrete will be exposed to sulfates or if the concrete mixture contains certain aggregates
susceptible to reactions between the portland cement alkalis and some aggregate minerals (most
commonly certain specific forms of silica and more rarely certain dolomitic materials). Details on these
durability issues and guidelines on selecting appropriate levels of air entrainment are provided in TM 5-
822-7/AFM 88-6, Chapter 8. The water-cement ratio in military airfield paving mixtures is limited to a
maximum of 0.45. This requirement enhances durability by keeping the concrete permeability low as
well as improves strength when compared to using higher water to cement ratios in the concrete mixture.

e. Design Strength.

(1) Test Method. Military airfield pavements are designed on the basis of the third point,
flexural beam test (ASTM C 78). Thickness design is based on fatigue relationships from full-scale field
tests that characterized the test pavement with the flexural test determined in this manner. Other test
methods (e.g., center-point flexural beam or splitting tensile test) give numerically different values from
this test and are therefore not suitable substitutes. Pavement thickness design is based on classical
fatigue analysis, and the results are very sensitive to the specific value of flexural strength used in the
design. Consequently, it is important that military airfield pavement design define the concrete strength
consistently with the fatigue relationship used in the design procedure. Consequently, all military airfield
design will be based on the ASTM C 78 flexural strength.

(2) Correlations. There are no unique relationships between different concrete strength tests
(third-point flexural beam, center-point flexural beam, compressive, splitting tensile, etc.), and all such
tests are indices of strength rather than an inherent material property. There are many published
relationships that allow estimation of one strength test result as a function of another test (e.g., estimate
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third-point flexural strength from the concrete compressive strength). However, the variation of the data
upon which such relations are based is quite large and the results too inaccurate to allow the use of such
relations reliably for military airfield pavement design. The different tests respond differently to changes
in the concrete mixture. For example, flexural tests are much more sensitive to inclusion of crushed
aggregates in the mixture than are compressive strength tests. It is possible to develop very good
correlations between the different tests if the correlation is based on tests on the specific concrete
mixture and the same materials are used in the laboratory as will be used in the field mixture. However,
simply changing an aggregate source can change the correlation. Correlations are allowed for quality
control testing of military concrete pavements during construction, but the correlations must be
developed for the specific concrete mixture being used on the project, and the mixture constituents used
during construction must be the same as used to develop the correlation in the laboratory.

(3) Selection of Design Strength. The designer should base the pavement thickness design on
a strength that is readily achievable with local materials. Design strengths on past projects at the base
or discussions with local producers should allow selection of a design strength that is readily achievable
with local materials. If no such information is available, some trial laboratory mixtures should be
prepared to evaluate local aggregate sources. Traditionally, pavement thickness design for military
airfields is based on the 90-day strength of laboratory-cured specimens. This lengthy cure time takes
maximum advantage of the long-term gradual strength gain characteristic of conventional portland-
cement concrete. On many rehabilitation projects today, pavements are returned to the user after much
shorter periods. Consequently, design strengths are often specified based on these shorter periods
when the pavement is returned to the user. Fly ash and GGBF slag gain strength more slowly than
portland cement, so the designer must be aware that strength tests at early ages for concrete mixtures
containing these materials may not reflect the ultimate long-term strength well at all. Specifying very
high strengths, particularly at early ages, usually requires very rich mixtures with liberal use of
admixtures. This may introduce workability and construction problems, excessive shrinkage, or other
undesirable characteristics that negate the economies of higher strength. In general, design ASTM C 78
flexural strengths of 414 to 448 MPa (600 to 650 psi) are readily achievable with most local materials,
and the designer should use higher design strengths only with caution.

f. Special Airfield Exposure Conditions. Properly proportioned, placed, and cured portland-cement
concrete requires no surface sealers, coatings, or treatments to withstand normal military aircraft
operations such as startup, warmup, taxiing, takeoff, and landing.

(1) Heat Effects on Portland-Cement Concrete. Rapid heating of moist concrete can vaporize
water in the concrete capillaries and cause explosive spalling. As the concrete temperature begins to
rise above about 149 °C (300 °F), the progressive cement paste dehydration, thermal incompatibilities
between paste and aggregate, and aggregate deterioration lead to irreversible damage and progressive
loss of strength that is more pronounced as the temperature rises. Aggregates have a major impact on
the thermal behavior of concrete and in decreasing order of desirability for thermal resistance they are
lightweight aggregates (e.g., expanded slags, clays, and shales or natural pumice or scoria), fine-
grained igneous rocks such as basalt or diabase, calcareous aggregates, and siliceous aggregates.
Including slag cements in the concrete mixture also seems to enhance thermal resistance. Heat
resistant conventional concrete can be achieved by proper mixture proportioning, use of appropriate
aggregates, inclusion of slag cement, and high-quality concrete placement, finishing, and curing.
However, if the concrete temperature will reach 204 °C (400 °F), conventional concrete probably will not
be sufficient, and thermal cycling at lower temperatures can cause damage. HQUSACE (CEMP-ET),
appropriate Air Force MAJCOM pavements engineer, or Naval Facilities Engineering Service Center
should be consulted for guidance for concrete that will be exposed to high temperatures or that will be
exposed to repeated cycles of high thermal exposure. Concrete is a moderately good insulator so there
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is a significant lag between exposure to an elevated temperature and heating of the concrete to that
temperature. Normal military aircraft operations do not heat concrete pavements to temperatures that
cause damage.

(2) Power Check Pads and Similar Facilities. If the jet engine exhaust plume is allowed to
impinge directly on the concrete surface, severe erosion can occur. This is a potential problem for
facilities such as power check pads where engines have to be operated for extended periods and where
the configuration of some aircraft will project the engine exhaust plume into contact the pavement
surface. For this reason, these facilities are often specifically designed to have larger slopes than
normal to keep the exhaust plume from directly impinging on the pavement surface. Pavement damage
can arise when parking ramps, old taxiways, etc. are converted to use as power check pads, and the
conventional slopes on these facilities allow the exhaust to come into direct contact with the pavement
surface.

(3) Pavements Exposed to Vertical/Short Take-Off and Landing Aircraft Exhaust. The
introduction of the Harrier aircraft exposed pavements to new higher levels of heat and blast than
conventional aircraft. This trend is likely to continue with development of new aircraft like the joint strike
fighter currently scheduled for deployment in about 2008. The Naval Facilities Engineering Services
Center has conducted extensive research in support of deployment of the Harrier in the Marine Corps.
They found that reinforced conventional concrete made with diabase aggregate has provided good
performance in the field for up to 15 years. Recent studies have also found that improved performance
could be achieved with portland-cement concrete with lightweight aggregate and nylon fibers, a
proprietary blended cement with lightweight aggregate, and nylon fibers, and a proprietary magnesium
phosphate cement with lightweight aggregate. The Naval Facilities Engineering Service Center, 1100
23 Avenue, Port Hueneme, CA 93043-4370, should be contacted for current guidance and research
results in this area.

(4) Pavements Exposed to Auxiliary Power Unit (APU) Exhaust. The APU on the B-1, FA-18,
and certain models of aircraft currently under development are mounted so that the exhaust is directed
downward and into contact with the pavement surface. With extended operation of these units, the
surface of the concrete may be heated to temperatures approaching 177°C (350°F). This leads to
scaling and spalling in the limited area around the exhaust impingement area. Studies by the Naval
Engineering Service Center, Air Force Wright Laboratories, and the U.S. Army Engineer Research and
Development Center have identified two mechanisms contributing to this damage. Repeated heating
and cooling lead to thermal fatigue and surface failure. At these elevated temperatures, fluids high in
esters such as fuel, lubricants, and hydraulic fluids can chemically react with portland-cement concrete
and lead to scaling of the pavement. In parking areas for these aircraft, the APU exhaust impinges on
the concrete where there is significant collection of these fluids that have leaked from the aircraft in
normal maintenance and operation. At present there is no technical solution to this problem. Ad-hoc
solutions and trials in the field have included bolting steel plates to the pavement in the area where the
exhaust contacts the pavement, various coatings, refractory concretes, and specialty concretes with
generally mixed or unsatisfactory results. HQUSACE (CEMP-ET), appropriate Air Force MAJCOM
pavements engineer, or Naval Facilities Engineering Service Center should be contacted for guidance
when designing parking areas for these aircraft.

g. Specification and Construction. It is crucial that proper material and construction specifications
be developed to accompany the thickness design and geometric design and detailing. There have been
numerous problems with military concrete airfield pavements in recent decades as the result of improper
construction techniques, poor finishing, inadequate curing, late saw-cutting of joints, use of aggregates
susceptible to alkali-aggregate reactions without proper countermeasures, inclusion of deleterious
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materials, and inadequate durability when exposed to freezing and thawing or sulfates. The result has
been unsatisfactory performance, increased maintenance, and dissatisfied users in some cases. The

designer should be certain to consult current versions of each service’s guide specification and TM 5-

822-7/AFM 88-6, Chapter 8, for assistance in preparing project specifications.

4. ASPHALTIC CONCRETE. Asphaltic Concrete is the normal surfacing for flexible pavements.
Unlike portland cement concrete, it normally functions as a relatively thin wearing surface and is not the
major structural element of the pavement. Asphaltic concrete on airfields is exposed to much more
severe loads than on highways and is quite different from highway asphaltic concrete mixes.
Substitution of asphaltic concrete highway mixes for asphaltic concrete airfield mixes is not acceptable
and is a major engineering blunder. The requirements of TM 822-08/AFMAN 32-1131 V8(1)/DM 21.11
will provide an asphaltic concrete that will stand up to the loads of modern military aircraft in all
environmental conditions.

a. Constituents. Asphaltic concrete is composed of well-graded aggregates (approximately
95 percent by weight) and an asphalt cement binder (approximately 5 percent by weight).

(1) Binder. Asphalt cement from the distillation of petroleum is the most common binder in
asphaltic concrete. Liquid asphalts from emulsifying asphalt cement with water or dissolving the asphalt
cement in a solvent have many applications in pavements but are not normally used as a binder for high-
quality airfield pavements. Tars from the distillation of coal are seldom used as binder in airfield
pavements today. There are also natural asphalts that occasionally are used as binder material for
asphaltic concrete.

(a) Characteristics. Asphalt is a complex hydrocarbon product whose composition and
properties vary depending on the petroleum source and distillation process. Asphalt is probably the
most viscoelastic material used by civil engineers in routine construction. lts stiffness increases as its
temperature drops or as the speed of loading increases, and in reverse the stiffness drops as
temperature increases or as the speed of loading is slowed. Asphalt cement functions as a cohesive
binder for the aggregate and helps provide a nominally waterproof surface.

(b) Specification. The asphalt binder should be specified in accordance with the new
Strategic Highway Research Program (SHRP) pavement grading (PG) system (AASHTO PP6). This
new system matches specific characteristics of the asphalt cement with environmental exposure
conditions. This improved matching of binder properties and project environmental conditions should
extend the effective life of asphaltic concrete pavements. TM 822-08/AFMAN 32-1131 V8(1)/DM 21.11
provides guidance on selecting PG grades of asphalt cement for different project locations. SHRP PG
grading is not used universally worldwide, therefore alternate specification methods based on viscosity
(ASTM D 3381) and penetration (ASTM D 946) can be substituted depending on the local market
practice. Polymer additives are increasingly being used with asphalt binders and have been particularly
effective for enhancing cold-weather properties. This is an evolving area so TM 822-08/AFMAN 32-1131
V8(1)/DM 21.11 and HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or
Naval Facilities Engineering Service Center should be consulted for up-to-date guidance.

(2) Aggregates. The deformation resistance of asphalt concrete exposed to military aircraft
traffic is primarily a function of the aggregate, and the binder’s contribution is secondary in comparison.
The aggregate gradation, particle shape, and control of these parameters during production are crucial
in providing an asphalt concrete that will resist the high tire pressure of modern military aircraft. Limiting
the natural sand that has rounded particles to no more than 15 percent of the total aggregate by weight
is an important requirement in the military requirements for asphalt concrete for military airfields. At
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higher natural sand contents, there have been repeated problems with rutting under military aircraft.
TM 822-08/AFMAN 32-1131 V8(1)/DM 21.11 provides detailed guidance on aggregate requirements.

b. Mix Design. Mix design of asphalt concrete requires balancing durability, load resistance, and
economics. Relatively lean mixes tend to have high load resistance but suffer environmental aging more
quickly than richer mixes. Rich mixes tend to be unstable but are more resistant to environmental aging.

(1) Military Requirements. Asphalt concrete for military airfields will be designed based on the
75-blow Marshall mix design method. Details are provided in TM 822-08/AFMAN 32-1131 V8(1)/DM
21.11 and the Asphalt Institute MS-2 procedures.

(2) SHRP Mix Design. The SHRP produced an asphalt concrete mix design procedure and
recommended aggregate gradations that are being widely used by state Departments of Transportation.
These gradations and mix design procedures were developed for highway use and have not been
evaluated for airfield use. These SHRP mix design procedures and aggregate gradations are not
approved for military airfields until testing and trials demonstrate their adequacy for airfield loads and
conditions. Approval from HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements
engineer, or Naval Facilities Engineering Service Center is needed before these new guidelines are
used on military airfields.

c. Special Asphalt Mixes. Porous friction courses are relatively thin (~ 25 to 38 mm (~1 to 1-1/2
in.)) surface layers of a special open-graded asphalt concrete with clearly visible voids. This mix
provides high skid resistance and combats aircraft hydroplaning, but its open texture allows more rapid
environmental aging of the asphalt binder and makes it very vulnerable to fuel spills. These mixes were
widely used by the Air Force in the 1970s and 1980s, but their use has declined as improved grooving of
conventional asphalt concrete mixes provides similar skid resistance without the disadvantages of the
porous friction courses. Stone mastic asphalt (SMA), sometimes also called stone matrix asphalt, has a
coarse aggregate gradation that provides stone-to-stone contact with the voids between aggregate
particles filled with a relatively rich mastic of asphalt cement, sand, and fibers. The stone-to-stone
contact of the coarse aggregate provides a stiff rut-resistant mineral skeleton, while the rich mastic
provides improved environmental resistance. Two trial applications of SMA by the Air Force for airfield
pavements in the United Kingdom and Italy have performed well to date. Thin applications of fuel
resistant sealers to asphalt concrete pavements provide limited resistance to fuel spills. The fuel-
resistant sealers economically available in the United States are usually coal tar based and are prone to
environmental induced cracking that limits their effectiveness. This cracking often occurs at early ages.
Polymer modification of some of these products has helped but not solved the cracking problem. Slurry
seals are thin applications of emulsified asphalt and sand to oxidized asphalt concrete surfaces to try to
extend the pavement life. They have problems with low skid resistance and are prone to localized
failures that generate FOD. Slurry seals are not allowed on military airfield pavements. Highly
polymerized proprietary systems known as microtexturing that use thin surface applications of a binder
and aggregate to oxidized asphalt concrete surfaces have shown promise but are still in the evaluation
stage. Rejuvenators are composed of lighter-end hydrocarbons that, when sprayed on an oxidized
asphaltic concrete surface, soften the binder and counter some of the aging effect. These materials
have given mixed results in practice and invariably lower the skid resistance of the pavement.
Consequently, they are not allowed to be used on military airfields. The military has used an open-
graded asphalt concrete mix with its voids filled with a proprietary modified hydraulic cement grout to
provide a surface more abrasion and fuel resistant than conventional asphalt concrete. This system is
referred to as resin-modified pavement, and several successful pavements have been built with this
material. HQUSACE (CEMP-ET), appropriate Air Force MAJCOM pavements engineer, or Naval
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Facilities Engineering Service Center should be consulted for up-to-date guidance on these and other
specialty asphalt mixes.

d. Durability.

(1) Aging and Oxidation. Asphalt oxidizes and stiffens over time which leads to a loss of
cohesion and flexibility. This eventually leads to cracking and raveling. Asphalt cements from different
sources oxidize and age differently. Research suggests that additives to the asphalt cement may slow
oxidation, but firm conclusions and guidance are not available yet.

(2) Cold Weather Cracking. As the temperature drops, asphalt cement becomes stiffer and
more brittle. With repeated exposure to cold temperatures and in conjunction with other stiffening and
aging mechanisms, the asphalt concrete will develop cracking. The SHRP PG grading system of rating
asphalt binders that has been adopted by the military specifically tries to select binder characteristics to
resist this cracking based on the exposure at the project location.

(3) Fuel Spillage. Fuels, oils, hydraulic fluids, and similar liquids are solvents for the asphalt
binder. Hence asphalt concrete should not be used where it will be exposed to such materials. Resin-
modified pavement may be used as a surfacing over conventional asphalt concrete to obtain fuel
resistance. Coal-tar based fuel resistant sealers have only a temporary life expectancy before cracking
reduces their effectiveness.

(4) Stripping. Several mechanisms contribute to moisture damage to asphalt concrete and are
generally referred to as stripping. These mechanisms include displacement of the asphalt film coating
the aggregate by water, emulsion of the asphalt cement, and pore pressure development. Stripping
seems to require water, stripping susceptible aggregates (e.g., siliceous aggregates), and repeated
loads. Lime and proprietary liquid antistrip agents can combat the problem. Also, proper aggregate
selection, and drainage to reduce the asphalt concrete’s exposure to water can help mitigate the
dangers of stripping. Fortunately, stripping seems to be relatively uncommon in military airfield
pavements. Stripping potential and the need for countermeasures should be addressed in the mix
design process.

e. Construction. Production and placement of high-quality asphaltic concrete suitable for military
airfields is a demanding and skillful operation. Proper mixing and delivery of the asphaltic concrete,
proper placement procedures that prevent segregation, skillful construction of the longitudinal joints, and
compaction with equipment of adequate size and at appropriate temperatures are all required to achieve
a suitable final product.

5. RECYCLED MATERIALS. Today, portland-cement concrete and asphaltic concrete are routinely
recycled as aggregate for subbase and base course material, drainage layers, fill, and as aggregate in
new asphaltic and portland-cement concrete. In all recycling operations, maintaining consistency in the
recycled product is a challenge. If the recycled product all comes from a single project with consistent
properties and constituents, the recycled product will probably have consistent properties and can be
incorporated into construction without difficulty. If recycled materials from different projects are
intermingled, the recycled product properties are likely to be highly variable, and meeting stringent
airfield pavement material requirements with such mixed-source materials is highly problematic.
Including debris from building demolition in the recycled product to be used in the airfield pavement
structure is not allowed as contamination with undesirable material such as brick or gypsum board is
likely and the recycled material from such sources tends to be highly variable. Recently, major problems
developed on a project that used recycled portland-cement concrete as fill and as base course in an
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environment with abundant sulfates in the soils and water. The recycled concrete suffered from sulfate
attack causing heaving of the overlying surfaces. This occurred even though the recycled concrete
came from nearby airfield pavements that were built to be sulfate resistant and had existed in the same
environment for 30 years without problem. Reliable guidance on use of recycled concrete to be exposed
to sulfate exposure is not available, and HQUSACE (CEMP-ET), appropriate Air Force MAJCOM
pavements engineer, or Naval Facilities Engineering Service Center should be consulted for guidance if
recycled concrete is to be exposed to sulfates. As a general policy, the military encourages use of
recycled materials in airfield pavements, but this should not be done at the expense of quality or
performance of the final pavement. More extensive guidance and specific limitations used by each
service can be found in TM 5-822-14/AFJMAN 32-1019, Tl 822-08/AFMAN 32-1131 V8(1)/DM 21.11,
and TM 5-822-7/AFM 88-6, Chapter 8, and each service’s guide specifications.

Table 9-1
Types of Portland Cement
Type of Cement Characteristics
I Ordinary

Il Moderate sulfate resistant

1/l Meets ASTM C 150 for both Type | and Il cements
i High, early strength

v Low heat of hydration

\% Sulfate resistant for more severe sulfate exposure conditions
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CHAPTER 10

FLEXIBLE PAVEMENT DESIGN - CBR METHOD

1. REQUIREMENTS. Flexible pavement designs must provide sufficient compaction of the subgrade
and each layer during construction to prevent objectionable settlement under traffic; provide adequate
thickness above the subgrade and above each layer together with adequate quality of base and subbase
materials to prevent detrimental shear deformation under traffic; provide adequate subsurface drainage
control or reduce to acceptable limits the effects of frost heave or permafrost degradation where frost
conditions are a factor; and provide a stable, weather-resistant, wear-resistant, waterproof pavement.
Attention must also be given to providing adequate friction characteristics.

2. BASIS FOR DESIGN. The thickness design procedures included herein for conventional flexible
pavement construction are based on CBR design methods. Design procedures for pavements that
include stabilized layers are based on modifications of the conventional procedures utilizing thickness
equivalencies developed from research and field experience. Design of flexible pavements using the
elastic layer method is covered in Chapter 11.

3. THICKNESS DESIGN CURVES. Figures 10-1 through 10-32 are design curves for use in
determining the required pavement thickness for Army, Navy, Marine Corps, and Air Force airfield
pavements. The individual curves indicate the total thickness of pavement required above a soil layer of
given strength for a given gross aircraft weight and aircraft passes.

4. THICKNESS DESIGN. The thickness design procedure consists of determining the CBR of the
material to be used in a given layer and applying this CBR to design curves (Figures 10-1 through 10-32)
to determine the thickness required above the layer to prevent detrimental shear deformation in that
layer during traffic. The specific steps to follow are:

a. Determine design CBR of subgrade.
b. Determine total thickness above subgrade.
(1) For Army and Navy design and Air Force design for a specific aircraft, enter appropriate
design curve with subgrade design CBR and follow it downward to the intersection with design gross
weight curve, then horizontally to design aircraft passes curve then downward to the required total

thickness above the subgrade.

(2) For Air Force standard designs, enter the appropriate design curve with the design
subgrade and read the thickness required above the subgrade for a given traffic area.

c. Determine design CBR of subbase.

d. Determine thickness of material required above the subbase by entering the appropriate design
curve with the design subbase CBR and using above procedures to read the required thickness.

e. Determine the minimum thickness of surface and base course from Tables 8-3, 8-4, or 8-5.
When the minimum thickness of surface and base is less than the thickness of surface and base
required above the subbase, the minimum thicknesses would be increased to the actual thickness
required.
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f.  Subtract thickness of the surface and base from total thickness required above subgrade to
obtain the required thickness of subbase. If thickness of subbase is less than 150 millimeters (6 inches),
consider increasing thickness of base course.

5. ADDITIONAL CONSIDERATIONS FOR THICKNESS DESIGN.

a. CBR Values less than 3. Normally, sites which include large areas of the natural subgrade with
CBR values of less than 3 are not considered adequate for airfield construction. However, CBR values
of less than 3 are included on the flexible pavement design curves so that thickness requirements for
occasional isolated weak areas can be determined.

b. Frost Areas. Pavement sections in frost areas must be designed and constructed with nonfrost-
susceptible materials of such depth to prevent destructive frost penetration into underlying susceptible
materials. Design for frost areas in accordance with Chapter 20.

c. The thickness of the rapid-draining or open-graded material is determined from
AFJMAN 32-1016 and is substituted for an equivalent thickness of base or subbase according to design
requirements.

d. Expansive Subgrade. Ensure that moisture condition of expansive subgrade is controlled and
that adequate overburden is provided.

e. Limited Subgrade Compaction. Where subgrade compaction must be limited for special
conditions, pavement thickness must be increased in conformance with reduced density and CBR of the
prepared subgrade.

f. Rainfall and Water Table. In regions where the annual precipitation is less than 380 millimeters
(15 inches) and the water table (including perched water table) will be at least 4.6 meters (15 feet) below
the finished pavement surface, the potential for subgrade saturation is reduced. Where in-place tests on
similar construction in these regions indicate that the water content of the subgrade will not increase
above the optimum, the total pavement thickness, as determined by CBR tests on soaked samples, may
be reduced by as much as 20 percent. The reduction will be effected in the subbase course having the
lowest CBR value. When only limited rainfall records are available, or the annual precipitation is close to
the 380-millimeter (15-inch) criterion, careful consideration will be given to the sensitivity of the subgrade
to small increases in moisture content before any reduction in thickness is made. For assistance in
interpolating limited rainfall data, the USAF Environmental Technical Applications Center,
USAFETAC/ECE Scott AFB, IL 62225-5000, may be contacted.

6. DESIGN EXAMPLES.
a. Example 1.

(1) Design an Air Force heavy-load pavement type B traffic area. Design CBR of the lean
clay subgrade is 13; the natural in-place density of the clay is 87 percent extending to 3 meters (10 feet).
The analysis that follows assumes that subgrade does not require special treatment and frost
penetration is not a problem.

(2) Enter Figure 10-19 at a CBR equal to 13, move down to type B traffic area curve, then

move horizontally to the required total thickness of pavement above the subgrade, 735 millimeters
(29 inches).
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(3) The design CBR of the subbase material has been determined to be 30. Enter
Figure 10-19 at a CBR equal to 30 and find that the required thickness of base and surface is
405 millimeters (16 inches) for the design aircraft. From Table 8-5, the required minimum thickness of
the surface course is 127 millimeters (5 inches) and of the 100 CBR base, 228 millimeters (9 inches).
Use a 127-millimeter (5-inch) asphalt concrete (AC) surface and 280 millimeters (11 inches) of 100 CBR
base to provide the 405 millimeters (16 inches) required above the 30 CBR subbase.

(4) The required thickness of subbase is 330 millimeters (13 inches), 735 minus
405 millimeters (29 less 16 inches).

(5) From Table 6-2, it is determined that for cohesive subgrade soils, 95 percent compaction
is required for 864 millimeters (34 inches) below pavement surface and 90 percent compaction for a
1,320-millimeter (52-inch) depth.

(6) The design section for type B traffic area is illustrated below:

127-mm (5-in.) AC surface

280-mm (11-in.) 100 CBR Base'

330-mm (13-in.) 30 CBR Subbase’

Top of Subgrade
203-mm (8-in.) 95 percent compaction

457-mm (18-in.) 90 percent compaction

' Base and subbase compacted to 100 percent.
(7) Design for drainage layers is illustrated in TM 5-820-2/AFJMAN 32-1016.
b. Example 2.

(1) Design an Army Class Il airfield apron (type B traffic area) for a single-wheel tricycle gear
aircraft with a gross weight of 11,200 kilograms (24.6 kips) for 50,000 passes plus 10,000 passes of a
CH-47 with a gross weight of 22,680 kilograms (50,000 pounds). The runway length is less than
1,220 meters (4,000 feet). Subgrade is a poorly graded sand with a design CBR of 16; in-place density
of the subgrade is 90 percent to a depth of 3 meters (10 feet).

(2) From Figure 10-3, the total pavement section required is 240 millimeters (9.5 inches).

(3) From Table 8-3, the minimum required surface and base thicknesses are 50 and
152 millimeters (2 and 6 inches), respectively, for a total of 203 millimeters (8 inches).

(4) Use a 240-millimeter (9.5-inch) pavement section consisting of 50 millimeters (2 inches) of
AC surface and 190 millimeters (7.5 inches) of 100 CBR base on subgrade to provide the
241 millimeters (9.5 inches) required above the subgrade.
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(5) Determine the compaction requirements from Table 6-5.

(6) The design section is as follows:

50-mm (2-in.) AC surface

190-mm (7.5-in.) Base'

Top of Subgrade
152-mm (6.0-in.) 95 percent compaction

' Base is compacted to 100 percent.

Since the existing subgrade has an in-place density of 90 percent, the compaction of the 152-millimeter
(6.0-inch) upper layer of the subgrade may be achieved by moistening and compacting in place.

c. Example 3.

(1) Design a secondary traffic area pavement for a Navy single-wheel aircraft with a gross
weight of 31,750 kilograms (70 kips) and 2.75-MPa (400-psi) tire pressure for 300,000 passes. The
subgrade consists of a silty sand (SM) with a design CBR of 6 and an in-place density of 86 percent.
Subbase is a sand-shell mixture with a CBR rating of 30. Base is also a sand-shell mixture with a CBR
of 80.

(2) From Figure 10-8 (2.75-MPa (400-psi) tire pressure) for a design subgrade CBR of 6 and
a gross weight of 31,750 kilograms (70 kips) and 300,000 passes, the pavement section required is
635 millimeters (25 inches). The thickness of base and surface required above the 30 CBR subbase is
228 millimeters (9 inches).

(8) From Table 8-4, the minimum thickness requirements are 102 millimeters (4 inches) of
bituminous surface and 203 millimeters (8 inches) of base. Use 330-millimeter (13-inch) subbase.

(4) Determine the compaction requirements from Table 6-6. This table would require the top
102 millimeters (4 inches) of the subgrade to be compacted to 90 percent of maximum density.
However, there is an overriding requirement that the top 152 millimeters (6 inches) of the subgrade be
compacted to 95 percent of maximum density.

(5) The design section is as follows:

102-mm (4-in.) AC surface

203-mm (8-in.) Base'

330-mm (13-in.) Subbase'

Top of Subgrade
152-mm (6-in.) 95 percent compaction

In situ density of 86 percent is satisfactory

' Base and subbase compacted to 100 percent
maximum density.
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d. Example 4.

(1) The design curves may be used to design an airfield pavement for a mix of aircraft traffic.
This example will demonstrate the procedure for an Air Force airfield using the aircraft, gross weights,
and pass levels shown in Table 10-1. The subgrade has a CBR of 6 and the traffic area is type B.

(2) The procedure is demonstrated as follows using Table 10-1 as an example.
(@) Column 1. List aircraft to be considered in design.
(b) Column 2. List pavement design curve figure no. for respective aircraft.
(c) Column 3. List gross weight of aircraft at which they will operate on pavement.
(d) Column 4. List number of passes anticipated at indicated gross weight.

(e) Column 5. Select the thickness required for each aircraft at the pass level and gross
weight shown from the appropriate design curve (Figures 10-1 to 10-32).

() Column 6. Determine the pass level permissible for each aircraft for the greatest
thickness in column 4. The C-141 and the F-15 both require 635 millimeters (25 inches) of total
thickness. In this case, the larger aircraft would normally be selected for comparisons, although it may
be necessary to check design in terms of both aircraft. The C-141 is therefore selected for comparisons.
The design curves are entered with the subgrade CBR of 6, then move downward to intersection with
the aircraft gross weight curve, then horizontally to intersection with the 635-millimeter (25-inch)
thickness line. The pass level occurring at this intersection should be recorded in column 6.

(g) Column 7. Divide the passes in column 6 by the passes permissible at
635 millimeters (25 inches) for the C-141 (1,000) and enter in column 7. Column 7 gives the equivalent
passes on a 635-millimeter (25-inch) pavement by each aircraft in terms of one pass of the C-141. That
is, one pass of the C-141 is equivalent to 1.2 passes of the B-52 or is equivalent to 7.5 passes of the
P-3.

(h) Column 8. Divide the number of passes in column 4 by the equivalencies in
column 6 to determine the design passes in terms of the C-141 and record in column 8. The total
equivalent passes of all aircraft in terms of the C-141 is 2,910. Figure 12-31 is entered with the
subgrade CBR of 6, the C-141 gross weight of 145,150 kilograms (320 kips,) and the equivalent pass
level of 2,910 to select the required thickness of pavement of 711 millimeters (28 inches). The thickness
of the individual layers will then be determined in the conventional manner using the minimum
thicknesses of pavement and base for the C-141.

7. STABILIZED PAVEMENT SECTIONS. Stabilized layers may be incorporated in the pavement
sections to make use of locally available materials which cannot otherwise meet the criteria for base
course or subbase course. The major factor in deciding whether or not to use a stabilized layer is
usually economic. Additional factors include moderate reduction of the overall pavement section and
increased design options. The strength and durability of the stabilized courses must be in accordance
with requirements of Chapter 9. For Air Force and Army, see requirements in TM 5-822-14/

AFJMAN 32-1019. For Air Force design, stabilized subbase may not be used without a stabilized base
unless the base course has adequate drainage. (Approval from Air Force major command is required
when use of stabilized components is contemplated.)
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Table 10-1
Example Design Using Mixed Traffic

(1) (2) ) (4) () (6) (7) (8)

Gross Preliminary  Allowable Column 6 Column 4
Figure Weight Aircraft Thickness Passes Divided by  Divided by
Aircraft No. kg (kips) Passes in. at25in. 1,000 Column 7
B-52 10-32 136,080 300 215 1,200 1.20 250
(300)
C-141 10-28 145,150 1,000 25.0 1,000 1.0 1,000
(320)
P-3 10-9 64,410 5,000 24.0 7,500 7.5 660
(142)
F-15 10-26 31,750 200,000 25.0 200,000 200 1,000
(70)
OV-1 10-3 6,800 1,000,000 12.5 Unlimited - —

(15)

Total passes on basis of C-141 aircraft = 2,910

Conversion Factor: Millimeters = 25.4 x inches; kilograms = 453.6 x kips

a. Navy and Marine Corps Design.

(1) Thickness reduction factors. Stabilized base course and subbase course materials
meeting the requirements for strength and durability in Chapter 8 may be substituted for unstabilized
materials. Procedures for pavement design with stabilized layers are as follows:

(a) Design a conventional pavement section as previously described.

(b) Convert the base or subbase courses into equivalent thicknesses of stabilized
materials by use of the equivalency factors shown in Chapter 9.

(c) Adjust the thicknesses of stabilized base and subbase courses so that the minimum
base course thickness requirements are met.

(2) Design examples. Design a primary traffic area pavement section for a C-5A aircraft with
a gross weight of 385,560 kilograms (850 kips) at 100,000 passes. Design CBR of subgrade is 5; CBR
of unstabilized subbase is 20; CBR of unstabilized base is 100.

(a) Alternative design 1, Conventional Section. From Figure 10-18 the required
conventional pavement section is 1,093 millimeters (43 inches) for a subgrade CBR of 5, and the
required cover over the subbase is 355 millimeters (14 inches). The required minimum thickness of
base and surface from Table 8-3 is 203 millimeters (8 inches) of aggregate base course and
102 millimeters (4 inches) of AC surface. The conventional section is as follows:
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Conventional Flexible
Pavement Section, mm (in.) Layer Description
102 (4) Bituminous surface
254 (10) Aggregate base course
737 (29) Aggregate subbase course

1,093 (43) Total thickness

(b) Alternative design 2. A 102-millimeter (4-inch) surface over cement stabilized base
with unbound aggregate subbase is required.

Conventional Thickness, mm (in.) Stabilized Section Thickness, mm (in.)
Surface 102 (4) Surface 102 (4)

Base 254 (10) CT base 254/1.5 (10/1.5) = 169 (6.7)
Subbase 737 (29) Subbase 737 (29)
Total 1,093 (43) Total 1,008 (39.7)

CT = Cement treated

(c) Alternative design 3. A 102-millimeter (4-inch) surface over unbound aggregate base
with lime stabilized subbase is required.

Conventional Thickness, mm (in.) Tentative Stabilized Section Thickness, mm (in.)
Surface 102 (4) Surface 102 (4)
Base 254 (10) Base 254 (10)
Subbase 737 (29) Lime stabilized subbase 737/1.2 (29/1.2) = 614 (24)
Total 1,093 (43) Total 990 (38)

(d) Alternative design 4. Bituminous base and lime-stabilized subbase are required.

Conventional Thickness, mm (in.) Tentative Stabilized Section Thickness, mm (in.)
Surface 102 (4) Surface 102 (4)

Base 254 (10) Bituminous base 254/1.5 (10/1.5) = 169 (6.7)
Subbase 737 (29) Lime stabilized subbase 737/1.2 (29/1.2) = 614 (24)
Total 1,093 (43) Total 882 (34.7)
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b. Army and Air Force Design.

(1) Equivalency factors. The use of stabilized soil layers within a flexible pavement provides
the opportunity to reduce the overall thickness of pavement structure required to support a given load.
An equivalency factor represents the number of millimeters (inches) of conventional base or subbase
that can be replaced by 25 millimeters (1 inch) of stabilized material. Equivalency factors will be
determined for Army and Air Force designs from Table 10-2 and for Navy and Marine Corps designs
from Table 10-3.

(2) Design. The design of a pavement having stabilized soil layers is accomplished through
the application of the equivalency factors to the individual unbound soil of a pavement. A conventional
flexible pavement is first designed, and then the base and subbase are converted to an equivalent
thickness of stabilized soil. This conversion is made by dividing the thickness of unbound material by
the equivalency factor for Army and Air Force airfields. For example, assume that a conventional
pavement has been designed consisting of 102 millimeters (4 inches) of AC, 254 millimeters (10 inches)
of base, and 381 millimeters (15 inches) of subbase for a total thickness above the subgrade of
737 millimeters (29 inches). It is desired to replace the base and subbase with cement-stabilized GW
material having an unconfined compressive strength of 6.27 MPa (910 psi). The equivalency factor from
Table 9-1 for the base-course layer is 1.15; therefore, the thickness of stabilized GW to replace
254 millimeters (10 inches) of base course is 254/1.15 (10/1.15) or 220 millimeters (8.7 inches). The
equivalency factor for the subbase layer is 2.3, and the thickness of stabilized GW to replace the
381-millimeter (15-inch) subbase is 381/2.3 (15/2.3) or 165 millimeters (6.5 inches). The thickness of
stabilized GW needed to replace the base and subbase would be 406 millimeters (16 inches).

c. All-Bituminous Pavement Section. Alternate procedures have been developed for design of
Army and Air Force airfield pavements composed entirely of AC. These procedures are based on
layered elastic theory and incorporate the concept of limiting tensile strain in the AC and vertical
compressive strain in the subgrade. The procedures are applicable for trial optional designs with the
approval of TSMCX, for Army airfields and the appropriate Major Command for Air Force airfields.
These design procedures are contained in Chapter 11.

8. SPECIAL AREAS. Areas such as overrun areas, airfield and heliport shoulders, blast areas, and
reduced load areas require special treatment as described in the following text for the various services.

a. Air Force Bases.

(1) Overrun areas. Overrun areas will be paved for the full width of the runway exclusive of
shoulders, and for a length of 305 meters (1,000 feet) on each end of heavy, modified heavy, medium,
light, and auxiliary runways and for 90 meters (300 feet) on each end of an assault landing zone runway.
Surface the overrun areas with double-bituminous surface treatment except for the first 45 meters
(150 feet) abutting the runway pavement end which will have a wearing surface of 51 millimeters
(2 inches) of dense graded AC. That portion of the overrun used to certify barriers or that must support
snow removal equipment may also be surfaced with dense graded AC. Design the pavement thickness
in accordance with Figures 10-17 to 10-32 herein, except that the minimum base-course thickness will
be 152 millimeters (6 inches). The strength of the assault overrun shall be equal to the strength of the
runway. Minimum base-course CBR values are as follows:
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Table 10-2
Equivalency Factors for Army and Air Force Pavements
Equivalency Factors
Material Base Subbase

Asphalt-Stabilized

All-Bituminous Concrete 1.15 2.30

GW, GP, GM, GC 1.00 2.00

SW, SP, SM, SC - 1.50
Cement-Stabilized

GW, GP, SW, SP 1.152 2.30

GC, GM 1.002 2.00

ML, MH, CL, CH - 1.70

SC, SM - 1.50
Lime-Stabilized

ML, MH, CL, CH -

SC, SM, GC, GM 1
Lime, Cement, Fly Ash Stabilized

ML, MH, CL, CH - 1.30
SC, SM, GC, GM - 1.40

Unbound Crushed Stone 1.00 2.00
Unbound Aggregate . 1.00

' Not used as base course.

2 For Air Force Bases, cement is limited to 4 percent by weight or less.

Table 10-3

Equivalency Factors for Navy and Marine Corps Pavements

Stabilized Material

Equivalency Factors

1 mm (in.) of lime-stabilized subbase
1 mm (in.) of cement-stabilized subbase
1 mm (in.) of cement-stabilized base

1 mm (in.) of bituminous base

1.2 mm (in.) of unstabilized subbase course
1.2 mm (in.) of unstabilized subbase course
1.5 mm (in.) of unstabilized base course

1.5 mm (in.) of unstabilized base course
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Minimum Base-Course
Design Loading CBR for Overruns

Heavy-load pavement 80
Modified heavy-load pavement 80
Medium-load pavement 80
Light-load pavement 50
Assault landing zone pavement 50
Auxiliary pavement 50

(2) Paved shoulders. Paved shoulders will be provided adjacent to runways, taxiways,
aprons, and pads where authorized by AFM 86-2. The remaining shoulder width will be constructed of
existing soils, select soils, or stabilized soils with a turf cover. Design the paved shoulders in
accordance with Table 3-1, Table 8-4, and Figure 10-27.

b. Army Airfields.

(1) Paved shoulders. Paved shoulders should be provided for airfields and heliport/helipad
facilities as designated in EI 02C013/AFJMAN 32-1013/NAVFAC P-971. Design paved shoulders in
accordance with Chapters 2 and Figure 10-27. Use a 50-millimeter (2-inch) dense graded AC wearing
surface on a minimum 150-millimeter (6-inch) base consisting of 50 CBR material or better. The
remaining shoulder width will be constructed of existing compacted soils, select soils, or stabilized soils
with a vegetative cover or liquid palliative to provide dust and erosion control against jet blast and rotor
wash.

(2) Paved overruns. Paved overruns should be provided for runways and landing lanes in
accordance with EI 02C013/AFMAN 32-1013/NAVFAC P-971. Design the pave portion of overruns for
75 percent of the gross weight of the design aircraft and 1 percent of the design pass levels. The paved
overrun should also be checked for adequacy of supporting crash rescue vehicles. Use a 50-millimeter
(2-inch) dense graded AC wearing surface on a minimum 150-millimeter (6-inch) base consisting of 50
CBR material or better. The remaining overrun area will be constructed of double-bituminous surface
treatment on a 100-millimeter (4-inch) base course of 40 CBR material or better.

c. Navy and Marine Corps Airfields.

(1) Overrun areas. Pave the overrun areas for a width of 61 meters (200 feet) or the width of
the runway if less than 61 meters (200 feet), centered on the runway centerline and for a length of
305 meters (1,000 feet), where feasible. Surface the overrun areas with an AC surface course. Design
the pavement thickness for 75 percent of the gross weight of the design aircraft at 200 passes, except
that a minimum 152-millimeter (6-inch) base course of 80 CBR or better will be provided.

(2) Blast protection areas. Design the pavement thickness of the blast protection areas for
200 passes at 75 percent of the gross weight of the design aircraft. Normally, these areas are
constructed of portland cement concrete for Navy and Marine Corps airfields; where operational
experience has shown asphalt surfacing to be satisfactory, use a minimum 76-millimeter (3-inch)
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AC surface over 152 millimeters (6 inches) of 80 CBR base. Blast protection pavement design should
be checked for adequacy for crash rescue vehicles.

(3) Shoulders.

(a) Fixed-wing aircraft. Pave the first 3 meters (10 feet) of runway shoulders. Design the
pavement thickness for 75 percent of the gross weight of the design aircraft at 200 passes. Surface with
50 millimeters (2 inches) of AC on a minimum 152-millimeter (6-inch) base of 80 CBR. Provide the outer
43 meters (140 feet) of runway shoulders and all taxiway shoulders with dust and erosion control using
vegetative cover, liquid palliative, such as asphalt, or a combination of methods.

(b) Rotary-wing aircraft. Pave the first 7.5 meters (25 feet) of shoulder adjacent to
helicopter pads, runways, and taxiways with 50 millimeters (2 inches) of AC on a minimum
152-millimeter (6-inch) base course of 60 CBR. Provide the outer 15 meters (50 feet) of shoulder with a
liquid palliative or vegetative cover, or a combination of methods.

9. JUNCTURE BETWEEN RIGID AND FLEXIBLE PAVEMENTS. (See paragraph 12.j of Chapter 12.)
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